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I.  INTRODUCTION1 


Thu  observations  presented  here  were  undertaken 
as  a continuation  of  a broader  program  to  investi- 
gate atmospheric  convection,  One  phase  of  this 
study  concerns  the  relation  between  convective 
motions,  their  energy  sources,  and  the  structure  of 
the  atmosphere  prior  to  their  onset.  The  structure 
of  the  atmosphere  is  described  in  terms  of  such 
parameters  as  temperature,  humidity,  velocity, 
turbulence,  and  distribution  of  these  in  space. 
An  oceanic  island  was  chosen  as  the  site  for  this 
phase  of  the  study  primarily  because  it  serves  as 
a localized  and  clearly  defined  energy  source  for 
convective  motions.  Nantucket  was  selected 
from  the  many  accessible  islands  in  the  Woods 
Hole  area,  nearly  all  known  to  produce  convective 
cloud  streets,  mainly  because  of  its  fiat,  smooth 
topography.  Because  its  elevation  never  exceeds 
15  meters  above  sea  level  and  because  it  contains 
no  large  trees,  hills  or  other  obstructions,  the 
effect  of  heating  the  air  from  below  is  rather  well 
isolated  due  to  minimization  of  the  barrier  and 
frictional  effects.  Previous  observational  work 
(Malkus,  Bunker,  and  McCasland,  1949)’  indi- 
cates that  such  heating  is  the  main  energy  source 
for  the  observed  convective  motions  and  consti- 
tutes a necessary  but  not  sufficient  condition  for 
their  production.  This  conclusion  is  corroborated 
and  extended  by  the  present  data. 

Other  desirable  features  of  Nantucket  are  its 
dimensions  (see  Figure  l).  It  ranges  from  5 to 
10  km  in  north-south  extent  and  is  just  over  ao  km 
long  from  east  to  west.  Its  relatively  small  size 
suggests  that  the  scale  of  the  convective  motions 
produced  will  be  small  enough  so  that  effects  of 
the  earth's  rotation  are  not  of  primary  importance, 
and  its  relatively  greater  east-west  length  sug- 
gests that  for  northerly  or  southerly  winds  it  may 
behave  nearly  as  an  “infinitely  wide"  island. 

1 The  work  described  in  this  paper  was  carried  out  as  part 
of  a research  project  conducted  under  Contract  N6onr-J770l 
(NR-o8a-o2i)  between  the  U.  S.  Navy's  Office  of  Naval  Re- 
search and  the  Woods  Hole  Oceanographic  Institution. 

* Observational  studies  of  convection,  Woods  Hole 
Oceanographic  Institution,  Reference  No,  49—51 . Manuscript 
report  to  Office  of  Naval  Research.  1949 

* The  flow  of  a stable  atmosphere  over  a heated  island, 
Res.  Rep,  Dept.  Physics,  Illinois  Inst,  of  Teph.  1951.  Air 
flow  over  a heated  island  (II),  Woods  Hois  Oceanographic 
Institution,  Reference  No,  51-27.  1952.  Manuscript  reports 
to  Office  of  Naval  Research. 


The  fact,  then,  that  in  the  actual  air  flow  over 
Nantucket  many  of  the  numerous  complexifies 
ordinarily  affecting  the  air  motion  have  been 
nearly  eliminated,  or  at  least  to  some  degree  con- 
trolled, means  that  fairly  accurate  theoretical  and 
perhaps  laboratory  models  of  the  flow  may  be 
constructed  and  tested  against  the  real  situation. 
Two  preliminary  theoretical  studies  have  already 
appeared  as  technical  reports  (Malkus  and  Stem, 
1951;  Sritrn  and  Malku9,  1952)'  and  will  soon  be 
published.  The  second  of  these  makes  use  of  the 
present  data  in  comparison  with  the  theoretical 
predictions  of  the  streamline  flow  over  the  island, 
especially  in  its  relation  to  the  development  of  a 
well-mixed  ground  layer,  Parts  of  the  data  have 
beer,  further  used  to  study  the  structure  and  de- 
velopment of  individual  cumulus  clouds.  This 
work  is  discussed  by  Malkus  (1952).  The  island 
convection  problem,  with  emphasis  on  conditions 
for  the  downwind  "lee  waves”  (made  visible  as 
cumulus  streets  if  sufficient  moisture  is  present)  has 
been  related  to  more  general  problems  concerning 
cumulus  clouds  in  a review  article  by  Malkus 
(1952a). 

In  this  paper  the  data  are  merely  presented 
case  by  case  with  a minimum  of  interpretative  dis- 
cussion. The  study  of  individual  clouds  is  sub- 
ordinated to  an  emphasis  on  the  over-all  flow 
picture  and  the  effects  of  the  island  thereupon. 
Much  of  the  information  is  given  in  tabular  form. 
In  this  way  it  is  hoped  to  be  most  useful  for  the 
many  possible  studies  which  may  be  made  con- 
cerning the  modification  of  a stable  air  stream  by 
a heated  land  mass, 

Altogether  eight  individual  case  studies  were 
made  during  the  summer  of  1950,  Case  1 was 
made  over  an  area  different  from  those  remaining 
and  a paper  on  it  has  been  published  elsewhere 
(Malkus,  Bunker,  and  McCasland,  1951).  Among 
2-8,  five  cases  of  varying  degrees  of  cumulus  pro- 
duction were  studied,  and  in  contrast  two  days  in 
which  no  convective  clouds  appeared,  On  two 
cases,  fog  eventually  covered  Nantucket.  In 
every  case,  the  incoi  /"g  solar  radiation  varied 
little  from  the  typica’  ..solation  curve  shown  in 
Figure  2,  Presentation  of  each  of  the  seven  cases 
follows  after  a brief  discussion  of  the  observa- 
tional procedures  and  instruments  used. 
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Fio.  i.  ltusoUtion  curve  is  recorded  by  the  pyrhelicmeter  et  Woods  Hole,  This  curve  wu  obtiined  on  August  I 
1950.  The  imoUtioH  on  most  of  the  other  oiys  studied  showed  littie  deviation  from  this  picture,  except  for  shoi 

dips  due  to  the  passage  of  cumulus  clouds. 


II.  OBSERVATIONAL  PROCEDURES  AND  TECHNIQUES 


A.  Basic  Observational  Procedure 

The  observational  program  was  centered 
around  airplane  measurements  of  temperature, 
moisture,  and  turbulence.  The  flights  were  ori- 
ented so  as  to  obtain  a cross  section  of  the  atmos- 
phere across  the  island  parallel  to  the  wind 
direction.  Two  different  flight  patterns  were 
executed:  one  a series  of  four  helical  soundings, 
the  other  a series  of  horizontal  flights  over  the 
island  and  surrounding  waters,  The  center  posi- 
tion of  each  of  the  helical  soundings  flown  is 
marked  on  the  water  temperature  chart,  Figure  t. 
The  first  helix  was  flown  about  3 km  upwind  of 
the  island,  the  second  over  the  island,  while  the 
third  and  fourth  were  flown-  about  4 and  8 km 
downwind.  On  three  of  the  cases  (as  indicated  in 
the  tables)  an  exacting  routine  was  followed  so 
that  400  Iti  of  altitude  was  gained  yyith  each  revo- 
lution of  the  plane  in  the  helix.  The  air  speed  was 
adjusted  so  that  the  helix  diameter  was  r.6  km. 
By  marking  on  the  records  the  exact  moment  of 
arrival  at  the  upwind  and  downwind  point  of  the 
^Jwlix,  the  exact  position  of  the  observation  point 
could  be  obtained.  The  net  result  of  this  proced- 
ure was  to  obtain  observations  in  eight  well- 
defined  vertical  columns  rather  than  in  four  mean 
position  columns  (as  was  the  situation  in  the 
remaining  cases).  The  horizontal  runs  over  the 
island  were  flown  upwind  and  downwind  at  sev- 
eral altitudes-depending  on  the  cloud  base  height. 
Notes  were  made  of  the  plane's  position  ^altitude, 
and  air  speed. 

Numerous  other  observations  were  made  to 
supplement  the  airplahe  flights,  among  the  most 
important  being  those  from  observing  stations  on 
Tuckernuck  Island  and  Nantucket  Airport.  The 
techniques,  instruments,  and  observers  are  listed 
in  the  following  paragraphs. 

B.  Observational  Techniques,  Instruments, 

and  Observers 

The  following  is  a complete  list  0/  all  observa- 
tions taken  and  used  in  the  present  investigation 
■ and  the  instruments- with  which  they  were  made. 
The  observers  or  organizations  taking  the  observa- 
tions are  stated.  Weather  Bureau  observations 
were  copied  either  from  the  original  forms  at  the 


Nantucket  Station  or  from  the  Daily  Upper  Air 
Bulletin  of  the  U,  S.  Navy  Weather  Central. 

1.  Airplane  observations . Dry-  and  wet-bulb 
temperatures,  heights,  vertical  accelerations  of  the 
airplane,  cloud  photographs,  and  general  notes 
were  taken  by  either  Joanne  Malkus  or  Kenneth 
McCasland. 

The  airplane  psychrograph  is  described  in  de- 
tail elsewhere  by  McCasland  (1951/.4  Likewise 
the  accelerometer  has  been  reported  on  by  Vine.1 
The  plane’s  altimeter  furnished  the  pressure- 
height  readings.  A simple  arrangement  of  relays 
permitted  the  simultaneous  side-marking  of  the 
temperature  and  accelerometer  traces.  A Speed 
Graphic  camera  loaded  with  plus*x  film  ana 
equipped  with  a red  filter  was  carried  in  the  plane 
for  cloud  photographs. 

a.  Nantucket  airport  observations.  Heat  flow 
values  were  obtained  at  2 m over  the  grass  at  the 
airport  by  Donald  Parson,  Jr.  The  routine  pilot 
balloon,  radiosonde,  and  surface  observations  of 
the  Lr.  S.  Weather  Bureau  were  used.  The  heat 
flow  equipment  has  been  reported  on  by  Parson 
and  Bunker  (i9ja).  It  is  sufficient  to  say  that 
it  is  a recording  computer  that  yields  the  heat  flow 
through  the  air  by  forming  the  product  of  the 
instantaneous  vertical  component  of  the  turbulent 
air  by  the  instantaneous  value  of  the  temperature, 

3.  Tuckernuck  Island  observations.  Pilot  bal- 
loon, surface  dry-  and  wet-bulb  temperature, 
surface  wind,  sea  temperature  and  cloud  observa- 
tions were  made  by  Andrew  F.  Bunker.  Time- 
lapse  movies  of  the  clouds  forming  over  Nan- 
tucket were  taken  from  this  island,  and  some  still 
pictures, 

The  pilot  baboon  observations  made  on  Tucker- 
nuck were  taken  in  the  usual  manner  with  the 
standard  equipment.  The  only  deviation  from 
the  orthodox  procedure  was  that  the  rate  of  ascent 
was  decreased  and  30-second  readings  were  made 

{ Modifications  of  the  airplane  psychrograph  and  adap- 
ration  of  the  humidity  strip  to  airplane  soundings.  Woods 
Hde  Oceanographic  Institution,  Reference  No.  51—59. 
Manuscript  report  to  Office  of  Naval  RrHifcS, — 75JT.  - - - 

1 "Accelerometer  for  Air  Turbulence  Measurements"  by 
Allyn  C,  Vine.  Memorandum  on  hie  at  the  Woods  Hole 
Oceanographic  Institution,  August  1945. 
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ro  achieve  more  detailed  information  about  the 
wind  structure.  A sling  psychrometer,  a Caseila 
anemometer,  and  a dip  bucket  thermometer  were 
used  foi\ihe  surface  observations.  The  time-lapse 
pictures  of  the  clouds  were  photographed  with  a 
Bolex  1 6 mm  camera.  A solenoid  and  timing  de- 
vice operated  by  batteries  tripped  the  shutter  so 
that  pictures  coukl  be  obtained  at  any  interval 
from  H second  to  10  seconds.  The  Tuckemuck 
still  photographs  were  taken  by  a 3$  mm  motor- 
driven  Leica.  „ 

4.  Supplementary  observations,  The  tempera- 
ture of  the  water  surrounding  Nantucket  (results 
shown  in  Figure  t)  was  determined  by  Columbus 
O'D.  Iselin,  Jr,  and  David  M,  Owen.  Both  dip 
bucket  and  bathythermograph  observations  were 
obtained  during  a boat  trip  around  the  island. 
The  bathythermograph  has  been  described  by 
Spilhaus  (1938).  Insolation  was  measured  by  the 
pyrheliometer  mounted  on  the  roof  of  the  Oceano- 
graphic Institution  building  at  Woods  Hole.  The 
instrument  was  constructed  by  the  Eppiey  Labor- 
atories and  the  readings  were  recorded  on  a Leeds 
and  N’orthrup  potentiometer. 

C.  Reduction  or  Data  and  Definition  of 
Turbulence  Index 

A detailed  discussion  of  the  routine  reduction 
of  the  potentiometer  readings  to  the  usual  mete- 
orological quantities  such  as  dry-bulb  tempera- 
tures, mixing  ratio,  and  potential  temperature 
will  not  be  given.  These  computations  were 
carried  out  with  the  aid  of  routine  calibration 
tables,  nomograms,  and  moisture  charts. 


A correction  was  made  for  the  dynamic  heating 
of  the  air  as  it  is  brought  to  rest  at  the  thermistor, 
1 sing  the  air  speed  of  the  plane  and  the  experi- 
mentally determined  factor  0.9  in  the  expression 
0.9^/100)’,  where  v is  the  air  speed  of  the  plane 
in  miles  per  hour.  This  term  gives  the  necessary 
dry-bulb  correction  in  ®C.  The  wet-bulb  correc- 
tion is  found  by  multiplying  this  value  by  the 
ratio  of  saturation-adiabatic  lapse  rate  to  the 
dry-adiabatic  lapse  rate. 

All  other  computations  such  as  the  pilot  bal- 
loon observations  were  made  in  the  standard 
manner. 

One  non-standard  quantity,  the  turbulence 
index,  has  been  used  extensively  in  this  paper  and 
requires  a definition  and  description  of  the  method 
of  determining  it.  The  turbulence  index  is  defined 
as  the  area  enclosed  by  the  envelope  surrounding 
a 10- second  trace  of  the  vertical  accelerations  ex- 
perienced by  the  airplane.  The  envelope  is  formed 
by  connecting  all  the  crests  and  then  all  of  the 
troughs  of  the  10-second  trace.  A polar  plan- 
imeter  is  used  to  measure  the  enclosed  area.  The 
~ turbulence  index  units  are  expressed  in  terms  of 
the  smallest  subdivision  of  the  planimeter.  An 
intensity  of  the  air  turbulence  which  produces 
alternately,  positive  and  negative  accelerations  of 
100  cm  see-*  has  a turbulence  index  of  24.  It  will 
be  noted  chat  the  turbulence  index  has  the  dimen- 
sions of  velocity;  it  is  the  product  of  an  accelera- 
tion times  a time.  The  velocity  has  no  exact 
meaning,  but  serves  very  well  as  a measure  of  the 
turbulence'  of  the  air. 


III.  DISCUSSION  OF  INDIVIDUAL  CASES 


A.  Case  a — August  8,  1950,  in  which  well- 
developed  cumulus  streets  were  formed. 

The  synoptic  chart  showed  that  the  Nantucket 
area  was  in  the  northern  portion  of  a high-pressure 
cell  foliowmg-the  passage  of  a polar  front  nearly 
five  days  previously.  During  the  early  part  of  the 
day.  the  rear^side  of  a small  trough  indenting  the 
high  was  over  the  region,  so  that  the  lower  level 
wind  was  weakly  from  the  north.  As  the  day 
passed,  the  small  trough  moved  off  to  the  east  and 
the  wihd  became  the  strengthening  southwesterly 
associated  with  the  western  portion  of  the  high. 

During  most  of  the  time  that  the  plane  was 
observing,  the  surface  wind  remained  northerly 
and  only  during  the  last  horizontal  traverses 
through  and  near  the  cumulus  clouds,  had  it 
shifted  to  the  south.  The  Tuckemuck  pilot  bal- 
loon observation  at  1138  ESt,  in  the  middle  of 


Mtiwat  ttwta.twat  <*« 


Fm.  3.  Nantucket  radtoaonde  observation,  1000  tit, 
August  *,  19JO  (Case  a).  The  curve  marked  T U the 
temperature;  that  marked  Ta»  is  the  dew-point  tem- 
perature. The  figures  to  the  right  of  the  temperature 
Curve  ate  mixing  ratios  in  gm/kg.  A dry  aoiabat  is 
shown  by  the  light  solid  fine,  and  a moist  adiabat  bv 
the  light  dashed  Kne. 
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Fio.  5.  Aerial  photograph  at  1430  air,  August  8, 1050.  The  until  iilind  forming  the  cloud  street  is  Tuckerauck, 
only  a ktn  m width.  The  douda  to  the  far  right  t«  formed  by  Chappaquiddick  (tee  Fig.  4). 


the  observing  period,  showed  a northerly  surface 
wind  of  1.8  mps,  increasing  to  4,8  mps  at  126c  m 
(see  Figure  6 and  Table  1). 

The  sky  was  clear,  with  scattered  cirrus  and 
excellent  visibility,  The  pyrheliometer  record  at 
Woods  Hole  showed  a maximum  insolation  rate 
of  1.4  gm  cal/cm’  per  minute.  Upwind  of  the 
island  the  low-level  air  temperature  was  a little 
more  than  2°C  colder  than  the  water  temperature 
of  2o.6“C. 

The  Nantucket  radiosonde,  reproduced  in 
Figure  3,  showed  the  effects  of  heating  from  below 
by  a strong  lapse  rate  in  the  first  1 km,  which 
was,  except  for  the  superadiabatic  lowest  50  m, 
o.8$eC/ioo  m,  From  1 km  to  1500  m,  the  air 
was  more  stable,  the  lapse  rate  being  o,3°C/ico  m. 
Above  1500  m it  steepened  slightly  and  no  inver- 
sions or  marked  stable  layers  occurred  up  to  the 
highest  level  recorded  at  400  mb.  The  mean 
mixing  ratio  from  the  surface  to  80c  m was  about 


8.5  gm/kg;  in  the  cloud  layer  (8cx>-!joo  m)  it 
was  7.1  gm/kg,  and  had  fallen  to  5.5  gm/kg  at 
2 km, 

Early  in  the  day,  at  about  o8c»  est,  cumulus 
streets  began  appearing  downwind  of  the  larger 
Cape  Cod  islands,  being  well-developed  over  even 
the  smaller  ones  such  as  Tuckernuck  by  1000  est 
Some  aerial  photographs  of  these  clouds  are  shown 
in  Figures  4 and  5,  The  airplane  soundings  were 
made  in  a north-south  direction  across  Nantucket, 
along  the  line  indicated  in  Figure  1.  Unfortu- 
nately, these  psychrograph  records  were  insuffi- 
ciently reliable  to  reproduce,  but  by  the  time  of 
the  horizontal  traverses  at  1345  est  the  instru- 
ments were  again  operating  properly.  Figure  6 
shows  a cross  section  of  the  air  over  the  island 
constructed  from  the  horizontal  runs  at  60  m, 
150  m,  and  360  m,  (together  with  the  turbulence 
index  up  to  greater  heights  obtained  from  the 
accelerometer  records  made  during  the  spiral 
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Fto.  6.  Cross  Kctioe  made  from  boriioctil  traverses  sad  soundings,  Case  i,  August  S,  1950.  The  potential 
temperatures  in  degrees  absolute  were  obtained  from  horizontal  fights  at  60  m,  150  m,  sad  300  m between  1345- 
1+35  1ST  and  are  shown  by  solid' lines.  The  dashed  lines  are  iaopJeths  of  turbulence  index,  m units  equal  to  one 
pi  trimeter  division  (see  Section  II  C for  definition  and  discussion  of  turbulence  index).  R stands  for  rough  and 
is  placed  in  areas  of  maximum  turbulence  index.  S stands  for  smooth  and  is  placed  in  areas  of  minimum  turbu- 
lence index.  The  turbulence  index  above  300  m was  obtained  from  the  spiral  soundings  made  between  Ul  $-1345 
(ST.  The  wind  component  along  the  cross  section  is  shown  at  the  far  left,  as  calculated  from  the  1 138  Tuckernuck 
pilot  balloon  observation  (see  Table  1).  The  dark  strip  along  the  bottom  (0-5.6  km)  indicates  the  island.  The 
horizontal  distance  scale  originates  at  the  upwind  beach,  so  that  distances  are  given  in  km  downwind  of  this  point. 


soundings.  Evidence  of  heating  by  the  island  is 
very  pronounced  at  300  m.  From  the  vertical 
extent  of  the  roughened  air,  together  with  the 
temperature  gradient  along  the  ground,  it  is 
plausible  to  infer  that  a well-mixed  ground  layer 
extended  up  to  700-800  m (see  Cases  3 and  4). 
The  forward-slanting  roughened  region  extending 
well  downwind  of  the  island  and  to  heights  exceed- 
ing iooo  m is  a result  of  the  clouds’  shooting  re- 
peatedly up  into  this  area. 

Cloud  base  was  at  750  m upon  the  plane’s 
arrival,  rising  to  850  m by  mida/temoon,  and  was 
always  lower  toward  the  eastern  portions  of  the 
island.  The  highest  cloud,  towers  reached  about 
1 joo  m.  Considerable  information  was  obtainable 
from  the  photographs  taken  on  this  day.  Figure  7 
shows  a section  from  the  time-lapse  films  at  about 
noon.  The  frames  are  reproduced  every  30  sec- 
onds. Figure  8 shows  a still  picture  taken  at 
nearly  the  same  time,  which  gives  the  orientation 
of  the  clouds  with  respect  to  the  lee  shore  of  the 
island,  The  low  cliffs  marking  this  shore  appear 
just  right  of  the  center  of  the  still  photograph,  and 


slightly  to  its  left  five  radio  towers  are  detectable. 
These  were  also  detectable  on  the  motion  picture 
frames,  The  greatest  rate  of  rise  of  the  cloud 
towers  shown  in  the  motion  picture  strip  occurred 
just  over  this  spot.  The  clcud  tower  which  goes 
through  its  active  growth  from  the  and  to  the 
10th  frame  (4  minutes)  had  an  average  rate  of  rise 
of  4 mps,  which  was  calculated  from  the  film  since 
the  location  and  height  of  the  cloud  were  known. 
A second  cloud  repeats  the  cycle  in  the  same  spot 
from  the  9th  to  the  17th  frame,  and  following  that 
a third  one  beginning  in  the  14th  frame,  indicat- 
ing that  this  spot  was  probably  a preferred  loca- 
tion for  the  formation  of  cloud-scale  updrafts. 
Another  such  location  was  evident  just  inside  the 
lee  shore  and  an  even  more  pronounced  region 
about  1 to  a km  off  the  lee  shore.  The  large  cloud 
towers  were  approximately  1.5  km  apart.  Further 
calculations  from  these  photographs  have  been 
made  and  discussed  by  Malkus  (1952).  Several 
homonta!  plane  traverses  were- made- through  and 
near  the  clouds,  but  these  were  not  begun  until 
1436  est,  By  this  time  the  clouds  were  dying 
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Fro.  t.  Sdfi  picture  takes  firm  Tocherauck  it  neaHy  the  tame  date  u the  motion  pictures  of  Fig-  7.  Camera 
pointed  just  afighdy  south  of  east.  The  low  efifi  just  to  the  right  of  the  center  uc  the  lee  (south)  shore  of 
o - Niatwicet.  _ $r*  •• 


and  the  low-level  wind  had  become  southerly.  So 
little  difference  appeared  between  the  clouds  and 


their  surroundings  that  these  data  have  hot  been 
reproduced. 
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B.  Case  3 — August  9, 1950,  in  which  no  cumulus 
clouds  were  formed. 


The  synoptic  situation  showed  a new  polar 
front  appearing  north  of  the  area,  cutting  the 
Great  Lakes  and  reaching  into  Labrador,  with 
Nantucket  located  in  another  slight  trough  indent- 
ing the  rear  portion  of  the  predominating  high- 
pressure  cell.,  This  high. was  now  becoming,  a 
warm  anticyclone.  The  average  gradient  wind 
was  from  west  southwest,  and  the  air  reaching 


Nantucket  had  a trajectory  of  about  150  miles 
over  water  which  was  cooling  it  from  below.  The 
day  began  clear,  with  visibility  restneted  hyJuze. 
At  0930  bet,  some  cirrus  appeared,-  gradually  irt- 
creasing  to  a 7/ro  coverage  by  1330,  at  ilrhich 
fdme  the  ha2e  had  lowered  the  viaibiliey  from  3 
to  a miles. 

The  morning  (1000  est)  Nantucket  radio- 
sonde- flight,  reproduced  in  Figure  9,  showed  a 
small  inversion  based  at  about  150  m and  a larger 
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Fkj.  9.  Nantucket  radiamde  observance,  loco  srr, 
August  9, 1950  (Cue  1).  The  curre  marked  T is  the 
temperature;  that  matted  TW  is  the  dew  point.  The 
curre  marked  P-H  is  the  pressure  height  curre.  The 
£fures  just  to  the  right  of  the  temperat ure  curre  arc 
muting  ratios  ingm/kg.  The  radio-wind  obeerrariom 
made  at  the  same  time  are  entered  at  the  appropriate 
pressures  at  the  extreme  right. 

one  based  at  about  2.8  km.  The  mean  muting 
ratio  in  the  lowest  2.8  km  was  6.5  gm/kg,  decreas- 
ing rapidly  above.  The  direction  of  the  airplane 
flights  was  along  a line  from  west  southwest  to 
east  northeast.  The  upwind  (first)  sounding 
showed  a low-level  inversion  from  the  surface  to 
about  150  m which  was  far  stronger  than  that 
measured  by  the  Nantucket  radiosonde  over  the 
island.  The  lapse  rate  in  this  lowest  layer  was 
calculated  to  be  — 2.66°C/ioo  m.  From  150- 
iaoo  m,  the  lapse  rate  was  o.62°C/ioo  m. 

The  pyrheiiometer  record  at  Woods  Hole 
showed  a maximum  insolation  rate  at  noon  of 
about  1.2  gm  cal/cm*  min.  Due  to  the  advancing 
cirrus,  the  insolation  rate  declined  more  rapidly 
after  noon  than  in  the  typical  picture  shown  by 
Figure  2,  Computation  of  the  sensible  heat  accu- 
mulated between.  Sounding  1 (see  -Figure  1 for 
location),  which  was  assumed  representative  of 
the  air  just  off  the  upwind  shore,  and  Sounding  2, 
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Fio.  11.  Cross  section  of  muring  ratio  in  gra/kg  constructed  from  the  urn  • soundings  u those  of  Fig.  10. 


made  centrally  over  the  island,  gave  a result  cor- 
fesponding-to  u^ertaUjk  heat  flux  into  the  air  of 
0.6  gm  cal/cm*  min,  Comparison  of  these  two 
soundings  showed  that  the  heating  by  the  island 


was  mainly  confined  to  the  lowest  T$o~loo  m of 
air,  although  perceptible  warming  of  the  air  was 
detectable  up  to  800  m on  the  second  sounding. 
A measurement  by  the  heat  exchange  computer 
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(see  Section  II  B)  operated  on  Nantucket  Airport, 
just  south  of  the  location  of  Sounding  a (see  Fig- 
ure i for  location),  showed  a heating  rate  of  only 
about  o,3  gmcal/cm*  min.  This  instrument  was 
operated  somewhat  later  than  the  soundings, 
however,  and  meanwhile  the  cirrus  cover  had  in- 
creased^ from  j/io  to  6/io.  Between  Sounding  a 
and  Sounding  3,  which  was  made  just  off  the  down- 
wind shore,  sensible  heat  was  still  being^ncrtjrr.^s. 
lated  by  the  |ir  at  a rate  of  nearly  0.4  gmcal/cm* 
min,  while  between  Sounding  3 and  Sounding  4, 
6.$  km  off  the  downwind  shore,  sensible  heat  was 
being  removed  from  the  air  at  a rate  of  nearly^ 
i.ogm  cal/cm*  min.  This  was  ten  times  greater 
than  the  downwind  rate  of  heat  removal/on  any 
of  the  other  Nantucket  cases.  Figure  1 shows 
that  the  very  coldest  water  near  Nantucket  is 
found  off  the  east  shore  where  Sounding  4 was 
made.  Furthermore,  the  shallow  vertical  pene- 
tration of  the  heating  due  to  the  high  initial  sta- 
bility would  facilitate  relatively  more  rapid  re- 
moval of  the  added  heat  than  on  a day  when  the; 
island  heating  had  been  diffused  through  a thicker 
layer.  " 

- The  1136  est  Tuckemuck  mk>t  balloon  ob- 
servation, (Table  j)  showed  antean  wind  in  the 
lowest  1300  m which  was  west  southwest  about 
10  mps,  exhibiting  only  very  slight  turning  toward 
the  west  with,  height.  As  indicated  by  the 
1000  est  Nantucket  radio  wind  observation  (see 
Figure  9),  this  clockwise  turning  became  more  pro- 
nounced higher  up,  along  with  an  increase  in  wind 
speed. 

While  several  cumulus  clouds  were  observed 
forming  over  Marthas  Vineyard  and  over  Cape 
Cod  on  the  horizon,  no  cumulus  at  all  were  formed 
over  Nantucket  on  this  day.  The  results  of  the 
airplane  soundings  .are  shown  in  Figures  10  and  n. 
Figure  10  gives  the  distribution  of  potential  tem- 
perature and  turbulence  index  in  a cross  section 
parallel  to  the  surface  wind.  The  low  maximum 
value  of  turbulence  index  over  the  island  and  the 
sharp  confinement  of  the  roughened  air  within  the 
first  200  m over  the  island  are  particularly  note- 
worthy. No  large-scale  redistribution  of  turbu- 
lence, heat  or  moisture  occurred  over  Nantucket 
in  this  case.  Figure  n shows  the  simultaneous 
distribution  of  mixing  ratio  along  the  same  cross 
section..  Note  that  while  the  initial,  moisture,, 
stratification  is  modified  somewhat  by  mixing  over 
the  island,  a pronounced  drying  out  and  restratifi- 


cttioft  occurs  about  3 km  beyond  the  downwind-  f 
shore,  probably  indicating  the  presence  of  de- 
scending motion.  The  large-scale  eddy  exchange 
coefficient  (Austausch)  for  sensible  heat  could  be 
SSmated  from  the  heat  accumulation  from  one 
airplane  sounding  to  the  next  and  the  Observed 
vertical  gradient  orpot^rttial  temperature^  Its 
value  was  largest  in  the  lowest  1 jo  m directly  over 
' the  island  wjjere  it  averaged  slightly  less  than 
too  gm  cm**  sec-1.  Elsewhere,  fluxes  and  gradi- 
ents were  too  amaij  to  permit  an  estimation.  It 
is  unlikely  in  such  a stable  air  stream  that  turbu- 
lent fluxes  were  of  significance  away  from  the 
immediate  vicinity  of  the  island. 
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C,  Cam  4 — August  14,  i 950,  in  'which  weil- 
developed  cumulus  streets  were  formed. 

The  synoptic  picture  showed  a polar  front  loop- 
ing from  the  Great  Lakes  region  southeastward 
through  northern  Florida  and  northeastward  out 
into  the  Atlantic,  A moderate  cold  high  was  cen- 
tered in  Pennsylvania.  Nantucket  was  located  in 
a small,  weak  trough  indenting  the  forward  por- 
tion of  this  high,  so  that  although- the  gradient 
wind  was  weakly  from  the  south,  the  air  teaching 
the  island  had  on  ly  a short  trajectory  over  water. 
The  trough  was  shallow,  and  the  gradient  wind 
very  rapidly  veered  with  height  through  west 
toward  northwest.  The  visibility  was  good 
throughout  the  day,  -and  the  temperature  of  the 
lowest  air  upwind  of  the  island  was  very  ^nearly 
equal  to  that  of  t he  water.  The  most  significant 
; feature  6f  the  undisturbed  current  on  this  day  was 
the  fact  that  the  flow  over  Nantucket  was  very 
weak  from  the  south  Up  to  about  900  m>  while 
above  that,  it  was  weakly  from  the  north. 


Fkj.  is,  Aerial  photograph  ihcwing  Tuckertiuek  dcud  street,  Case  4,  August  14, 1950,  made  at  1015  srr. 
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~1“ ' " - 1 Most  of  the  cumulus  clouds,  however,  ^ers^i- 
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Fkj.  13.  Map  showing  major  Naa tucket  doud  street. 
Caw  4,  August  14,  lyjo.  Cioods  are  reocnsmactea 
in  nearly  exact  locntson  and  to  scak.  Fig.  14  was 
takes  from  Tuckemuck  Island  (marked  "ground 
camera”),  while  Figs.  ;6  and  17  were  takes  from  the 
air  at  those  placet  marked  "nrtt  plane  photo'1  and 


* phot t>“  and 
"second  plane  photo”,  respectively.  The  locations 
of  the  centers  of  the  hdkal  soundings  are  shows  try 
the  numbered  crosses,  and  moat  of  the  horizontal  rum 
"Were  made  along  the  same  section. 


nated  below  or  near  the  level  of  wind  discontinuity, 
with  only  a few  of  the  tallest  towers  shooting  far 
above  into  the  region  of  northerly  winds.  Nearly 
all  the  islands  were  forming  cloud  streets  otPthis 
day,  even  including  Tuckemuck  which  is  less  than 
a km  wide.  The  first  cumulus  over  Cape  and 
islands  were  seen  about  0830  Eif.  An  aerial 
photo  (figure  12)  4ooking  west  northwest  from 
above  the  western  portion  of  Nantucket  toward 
Chappaquiddick  Island  shows  the  Tuckgmuck 
clouds  and  the  westernmost  Nantucket  sequence 
at  1025  est.  The  Nantucket  clouds  formed  into 
very  clearly  defined  streets,  with  a large  cloud 
over  the  island,  and  Smaller,  periodically-spaced 
puffs  extending  over  a distance  of  about  10  km 
downwind.  The  location,  approximate  size,  and 
spacing  of  the  most  striking  cloud  street" studied 
are  shown  in  Figure  13.  This  entire  street  was 
photographed  from  Tuckemuck  at  1248  est 
(Figure  14).  Shortly  after  this  photograph,  the 
large  cloud  on  the  right  shot  up  a tall,  southward- 


Fla,  14,  Photoglyph  from  Tuckemuck  Inland  looking  tut  northeast  toward  Nantucket  {see  Ftg.  1 3)  showing 
major  Nantucket  cloud  street  at  1148  est,  August  14,  tjjjo.  Qoud  base  is  at  4C0  m. 
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F10.  16.  Aerial  photo  of  part  of  major  Nantucket  rioud  street,  August-Si,-  tgw,  from  location  marked  "first 
plane  photo"  in  Ft*.  13,  Taken  between  1300  and  1310  eit. 


2100  m in  10.5  minutes  and  the  upper  portions  of 
the  cloud  descended  again  to  about  1800  m in 
4 minutes  before  dissipating.  This  would  indi- 
cate mean  ascending  speeds  of  about  2 mps  and 
mean  descending  speeds  of  just  over  1 mps,  The 
maximum  vertical  speed  maintained  over  30  sec- 
onds was  an  ascent  rate  of  5.2  mps  exhibited 
briefly  by  a small  portion  of  the  tower.  The  maxi- 
mum rate  of  descent  during  any  30-second  period 
was  1.7  mps.*  These  figures  cannot  be  relied  on 
to  better  than  ±0.5  mps,  and  may,  if  anything, 
be  slightly  too  large,  The  cloud  spacing  was 
readily  calculated  from  Figure  14,  since  both  the 
height  of  the  cloud  base,  and  the  distance  and 
orientation  of  the  street  with  respect  to  the  camera 
were  accurately  known,  The  distance  between 
cloud  centers  came  out  to  be  just  under  1 km. 
This  figure  was  checked  from  Figure  12  by  cal- 
culating the  spacing  of  the  cloud  shadows  which 
could  be  located  accurately  on  a map  of  Nan- 
tucket. The  same  cloud  street  was  also  photo- 


graphed from  several  angles  by  the  observer  in  the 
plane  (see  Figures  16  and  17). 

The  Nantucket  radiosonde  observation  at 
1000  est  (Figure  18)  showed  rather  low  stability 
throughout,  with  a small  inversion  at  300  m and 
anothe  only  slightly  stronger  at  3.9  km.  The 
mean  mixing  ratio  up  to  the  first  inversion  was 
9,2  gm/kg,  and  from  there  up  to  3,1  km  was 
4,9  gm/kg,  dropping  rapidly  above,  The  upwind 
airplane  sounding  (see  Figure  1)  showed  a mean 
lapse  rate  in  the  lowest  935  m (southerly  flow)  of 
o.70bC/ioc  m,  and  from  93 5 m to  the  top  of  the 
sounding  at  1255  m,  a mean  of  0.59*0/100  m. 

The  pyrheliometer  record  at  Woods  Hole 
showed  a noon  maximum  insolation  rate  of  1.4  gm 
cal/cm3  min.  The  amount  of  sensible  heat  accu- 
mulated between  Sounding  1 and  Sounding  a 
corresponded  to  a heating  rate  of  the  air  by  the 
ground  of  0.84  gm  cal/cm3  min,  The  heating 
effect  of  the  island  was  noticeable  as  high  as 
1, 1 km  on  this  day.  Between  Sounding  2 and 
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Fiur iTr-Asri&i  photo  of  part  ofjntjor  Nantucket  cloud  street,  August  14,  iojo,  from  location  marked  "second 
plane  photo"  in  Fig.  13.  Taken  between  1300  and  nio  est.  Central  cloud  in  photograph  is  third  cloud  from 

south  end  of street  in  Fig.  13. 


TMHMIvM  I'd 


Fic,  18.  Nantucket  radiosonde  observation,  1000  est, 
August  14,  1950  (Case  4).  Curve  marked  T is  tem- 
perature; that  marked  Topis  dew-point  temperature. 
The  curve  marked  P-H  is  the  pressure-heigfu  curve. 
The  figures  to  the  rightof  the  temperature  curve  are 
mixing  ratios  in  gm/kg,  The  radic-svind  observa- 
tions made  at  the  same  time  are  entered  at  the 
appropriate  pressures  at  the  extreme  right. 


Sounding  3,  sensible  heat  was  accumulated  by  the 
air  corresponding  to  a rate  of  0.1  gm  cal,/cm‘  min, 
and  between  Soundings  3 and  4 heat  was  being 
removed  at  a rate  corresponding  to  0,07  gm 
cal/cm’  min.  The  heat  exchange  computer,  oper- 
ated on  Nantucket  airport  neai  noon  showed  a 
sensible  heat  flux  of  0.47  gm  cal/cm*  min  into 
the  air. 

The  pilot  balloon  run  made  from  Nantucket 
at  icoo  est  (Table  8)  and  that  made  at  Tucker- 
nuck  at  1337  est  (Table  9)  both  show  very  weak 
winds,  with  the  shift  from  a southerly  to  a 
northerly  component  of  flow  taking  place  in  the 
vicinity  of  1 km,  The  Nantucket  wind  first 
backed  then  veered  with  height  becoming  north- 
westerly, while  the  Tuckernuck,  wind  backed  be- 
coming northeasterly,  the  difference  perhaps  being 
attributable  to  a sea-bree2e  effect  (causing  outflow 
at  several  hundred  meters  from  the  largest  part 
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Ftc,  19.  Approximately  nortk-rauth  crow  section  cowtrueted  from  boriiontil  »irpl»ne  flight* , laoj-mo  ib. 
Augujt  14,  1950  (Cue  4).  Potential  temperatures  (*oW  lines)  and  turbulence  index  are  shown.  The  units  and 
tunresttoas  are  the  same  as  in  the  previous  section  (Fig.  10). 


of  the  island).  The  average  wind  speed  in  the 
lowest  900  m (Nantucket  observation,  nearer  the 
cloud  street)  was  i.a  mps. 

Figure  19  was  constructed  from  the  horizontal 
airplane  runs  And  gives  an  approximately  north- 
south  cross  section  of  potential  temperature  and 
turbulence  index  during  the  period  from  1205-1250 
est.  Figures^  20“  and  TPwere  ednstrucred'from 
the  airplane  soundings  which  were  made  later, 
between  1315-1425  sst,  Figure  20  again  shows 
potential  temperature  and  turbulence  index, 
while  Figure  21  shows  the  simultaneous  distribu- 


tion of  mixing  ratio.  Note,  in  contrast  with  a case 
such  as  that  of  August  9 on  which  convection  was 
weak  or  absent,  the  striking  redistribution  of 
moisture  and  potential  temperature  effected  by 
the  island.  Also  note  the  relatively  high  level  to 
which  roughened  air  extends,  The  mean  eddy 
exchange  coefficient  for  sensible  heat  in  the  lowest 
300  m above  the  island  was  calculated  from  the 
accumulations  shown  by  the  soundings  and  the 
gradients  in  Figure  19.  It  was  about  ^620  gm 
cm-1  sec"1  in  that  region, and  probably  far  smaller 
away  from  the  island. 
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Fio.  K>,  Approximately  north-south  cross  section  constructed  from  the  airplane  soundings  1315-14:5  est, 
August  14,  1950  (Case  4)  showing  isopleths  of  potential  temperature  and  turbulence  index.  The  notation  and 
units  are  the  same  as  for  the  previous  cross  sections.  C stands  fo'  potentially  cool  air  and  W for  potentially  warm. 
R stands  for  relatively  rough  arc,  S for  relatively  smooth.  The  clouds  are  not  drawn  in  to  scale,  no*  are  they 
located  exactly,  but  merely  sketched  to  indicate  the  shape  and  vertical  extent  of  the  larger  ones. 


Fiq,  ai.  Approximately  north-south  cross  section  constructed  from  the  same  soundings  as  Fig,  1 4,  but  showing 
temperature  (soiid  Sines,  degrees  centigrade)  and  mixing  ratio  (dashed  lines  gm/kg).  M stands  for  relatively 

most  air,  D for  relatively  dry  air. 
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Flo.  11.  Aerial  photograph  of  lut  femntati  of  Nantucket  doudi,  1*30  eit.  Photograph  taken  from  north  of 

bland  (Just  inside  Gnat  Point)wJkJng  south. 


A slight  weakening  of  convective  activity  dur- 
ing the  hour  between  the  horizontal  runs  and  the 
soundings  is  apparent,  as  evidenced  by  a stabiliza- 
tion of  the  lapse  rate  over  the  island,  and  the 
diminished  values  of  turbulence  index.  By  the 
time  of  the  last  sounding,  begun  at  1410  EST,‘the 
airplane  observer  recorded  the  decay  and  disap- 
pearance of  all  but  the  larger  clouds  actually  over 
the  island  (see  Figure  isj.  While  anvils  were  ob- 
served forming  over  Marthas  Vineyard  at  noon, 
and  thunderstorms  took  place  over  the  mainland 
during  the  afternoon,  none  of  the  Nantucket 


clouds  exceeded  die  swelling  cumulus  stage,  and 
by  1445  est  had  almost  disappeared. 

Fortunately  on  this  day,  some  qualitative 
observations  of  the  sea-breeze  circulation  were 
available.  At  about  1000  est,  the  wind  on  both 
the  south  and  north  shores  of  Nantucket  was  from 
the  south,  but  stronger  on  the  south  shore.  At 
1215,  the  plane  observer  recorded  calm  conditions 
on  the  north  side.  At  150c  est,  inflow  toward 
the  island  center  was  occurring  on  both  north  and 
south  sides,  as  noted  by  flow  of  smoke.  Also,  co- 
incident with  the  decay  of  the  cloud  streets,  a 
light  inflow  on  the  eastern  shore  was  noted  by  the 
airplane  observer. 
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Table  8 — Case  4 


Pilot  Balloon  Osservatiohi  at  Nantucket  Auwrt 

IOOO  EST 


Auoust  1 

*1  >9Jo 

Haight 

Direction 
(degree*  eioekwiao 

Speed 

Component  aloi 
aoud  atmi  (mi 

; meter*) 

frost  H) 

(tapa) 

(jmstive  from  S 

0 

*3« 

3.6 

1-3 

El 

X 

3' I 
i-3 

30 

1.1 

91J 

13c 

0.9 

0.3 

taao 

190 

*■3 

-1,9 

*<»5 

310 

H 

-1.9 

1*30 

330 

3,6 

“3>J 

*<35 

34« 

*■0 

-*•0 

1440 

3*o 

*•9 

-♦•9 

*7  AS 

3*o 

54 

-{•* 

J3J0 

3*o 

8-7 

-6,7 

Table  9 — Case  4 

Pilot  Balloon  Observation  at  Tlxxeanvcic  Iiland 
*337  MT 


August 

1*,  >95° 

Bnigitt 

imetan} 

Direction 
(degree*  efaekwie* 
from  N) 

Speed 

(met) 

Component  along 
cloud  .trees  Crop*) 
(peettir*  from  8) 

icS 

*7* 

*4 

*4 

»6 

166 

*4 

*4 

3*5 

1** 

1,6 

*•5 

♦*4 

75 

l.l 

0 

III 

**5 

*38 

1.8 

to 

% 

130 

1*3 

1.8 

0,8 

d 

*90 

20 

«4 

—i.i 

99° 

11 

1.0 

-1.6 

10*0 

09 

1.6 

“*•3 

non 

10 

1.1 

-us 

iifrt 

*5 

4.0 

-34 

'3fO 

'3 

3* 

-1.9 

— 1440— J 

• — 33  - - 

-1.0 

H3° 

1620 

08 

*9 

i.8 

4.0 

-1.6 

-1.7 

1710 

1800 

14 

05 

3-fi 

-1.1 

-3-3 

1890 

353 

4.0 

-3'9 

1070 

35* 

*•» 

-*4 

Table  10  • — Case  4 

Surtace  Observations  at  Tucrerxucr  Island 
Al'QOST  1 4,  195c 


Direction 

Time  ■ 
(nr) 

1? 

(degreea  clock- 
wNiefrotn  N) 

Speed 

Cktud. 

0950 

IDA. 

18.4 

loo 

0,7 

3/10  cu 

10*5 

31 .8 

19.2 

190 

0,1 

3/10  cu 

”45 

53.5 

10.0 

lie 

0.3 

3/10  cu 

1**5 

11.6 

19,6 

210 

o-3 

4/10  cu 

I400 

*34 

19.6 

190 

1.0 

1/10  cu 

1*45 

11.9 

19' 5 

190 

c,8 

1/10  cu 

Water  temperature  (south  beach)  li.6'C 


Table  i i — Case  4 

Hourly  Insolation  Rats  at  Woods  Hole,  Auoust  14,  1950 
as  Measured  by  Pyrheliometer 


Insolation 

Time  (mt)  'to  cal/em1  hour) 
0800-0900  60. II 

0900-1000  76.14 

ICOO-ITC50 
I I CO- 1 200 


Insolation 

Time  (mt)  (gm  c4^/c^:,  hour) 
1:00- 1 3C0  70.13 

1300-1400  20,^7  • 

1400-1  (oo  6a,co 

1500-icec  20.  is 


80,09 
84.18 

• Lowered  due  to  px«Agc  of  Urge  cumulus  or  cumulonimbus  cloud. 


Case  4 — August  14, 1950 


Sounding  i 

Over  wRte;,  3,1  knT  upwind  of  windward  shore  1315-1300  est 


Preeeure 

mb 

Height 

» 

Temper- 

a^e 

Mixing 

Rathl 

gm/kg 

Potential 

VtP 

Torbu* 

le»oe 

i&de* 

101  j' 

3t  U* 

10.8 

11.6 

*93.0 

n 

/ 

i on 

61  D 

10.5 

1*4 

*93-0 

3 

1004 

1 16  U 

10.0 

12.5 

193.0 

5 

997 

188D 

19.7 

n.6 

*93'' 

2 

990 

150  u 

197 

9-6 

*9*»o 

2 

983 

313  D 

19,6 

7.8 

*94-5 

3 

976 

37*U 

193 

6£ 

I94.9 

I 

969 

43*  D 

18.8 

67 

*94-9 

1 

961 

501  U 

*8-3 

6,4 

195.0 

2 

955 

563  D 

>7-7 

6.1 

*9545 

2 

94* 

615  U 

*70 

64 

*95'3 

2 

9*1 

690  D 

17.0 

6.1 

*955 

1 

93* 

75;  H 

16.2 

6.6 

195.1 

1 

9*7 

815  D 

15.6 

6.7 

*95-* 

2 

910 

870  U 

15.1 

6.6 

*95'* 

2 

9U 

935  D 

1 4.6 

6.< 

*95' 0 

2 

907 

1000  U 

14,1 

6.6 

*95'3 

2 

900 

1065  D 

137 

6.5 

*95-5 

I 

»9J 

1115  ut 

'3-« 

5-9 

296.1 

I 

887 

1190  D 

*30 

5.6 

1964 

2 

88: 

1255  U 

127 

+•9 

1964 

2 

' U repmenta  upwind  »We  o<  bdsx,  D downwind  tide.  Bounding 
Sown  Recording  Lo  exact,  rg  routine  described  in  Section  II  A. 
t Level  at  top  of  afi  but  fug  beat  douda. 


Case  4-- Auoust  14,  1950 
Soundino  a 

Over  Nantucket,  0.6  km  downwind  of  windward  beach 
- _ i330-i350_Err 


Prteeure 

Height 

Temper- 

.jure 

Potratkl 

Temp. 

Turb«- 

l»ea 

mb 

m 

pnAg 

Index 

1015 

3*  V 

20.9 

*3'° 

293.O 

17 

IOCS 

95  D 

*0-7 

12.5 

293.I 

36 

1001 

*55  U 

20.3 

107 

*93 '5 

13 

993 

220  D 

20. 1 

•8,0 

294.0 

1 

986 

180  U 

20.3 

70 

*94-9 

3 

979 

345  D 

J9-7 

7'* 

294.8 

3 

97*  . 

*05  u 

5 90 

67 

195.0 

3 

965 

470  D 

18.6 

7'3 

295.0 

3 

95 8 

<30  u 

17.9 

7'° 

295.0 

3 

95 1 

600  D 

*74 

7'* 

295.0 

I 

94* 

66c  V 

*7<* 

6.1 

*95' 5 

2 

937 

720  D 

164 

7'0 

295,1 

2 

930 

785  U 

16,1 

6.8 

*95  5 

I 

9*4 

850  D 

1 5' 5 

7'3 

*9  5 '3 

I 

917 

910  L' 

15. 1 

7'i 

*954 

2 

910 

975  D 

14.8 

7.3 

295.8 

2 

904 

1040  U 

*4-7 

6.3 

296.1 

3 

900 

1080  D 

14.! 

6.; 

295,0 

3 

S97 

1 ioc  D 

14. 1 

6.5 

296.2 

3 

S9C 

1165  U 

i3'5 

6,1 

296.4 

3 

884 

1 115  D 

'3-1 

6.1 

296.5 

3 

S-7 

129 c L‘ 

12.6 

6.1 

2967 

a 

• U rep*t«ata  upwind  side  cf  belU  D downwind  side.  Sounding 
flown  acocrumf  to  exacting  routine  deaeribed  in  Section  II  A. 
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Case  4 — Auoust  14,  1950 
Sounding  3 

Oyer  water,  8^3  km  downwind  of  windwird  l>e»ch 


PwwUr*  Hei*U  ittiw 

mb  m *C 

iok  31  U*  11.0 

100$  95  D a; .8 

1001  KjU  it.i 

901  220  D 10.9 

986  180  U 10,4 

979  345  £ * 

971  405  C 19.J 

965  470  D 18.6 

9(8  530  U 18,0 

951  600  D 174 

944  660  U 17.0 

937  710  D 16.5 

930  28j  U i6j 

914  *50  D 16.3 

915  910  U 15.7 

9!0  975  P 154 

904  1040  U 14,9 

897  moo  D 14.1 

890  M65  U ij.8 

884  1115  D 13.3 

877  1190U  11.8 

* U npmtata  uttwiod  tUt  of 
Sown  Meonliai  to  eutliai  rouUiM 


1350-140 

5 EST 

Temper- 

Mixing 

Poteatkl 

Turbo- 

%K 

Kabo 

gm/k* 

Aft 

22.0 

10.8 

294.I 

12 

21.8 

ZO.I 

394-5 

8 

21.2 

20.9 

10, 5 

IO.i 

*94-1 

294,8 

7 

12 

20,4 

10.2 

294,9 

14 

20.1 

9-5 

295.2 

10 

I9-* 

9.8 

295.0 

8 

18.6 

9'J 

«95-o 

12 

18.0 

9.6 

2950 

7 

17.4 

9i 

S'® 

295.0 

10 

17.0 

5954 

9 

16.5 

8.6 

595'3 

8 

if3 

8.4 

5950 

t 

16.3 

7 -7 

595.1 

>5.7 

6.8 

296,1 

! 

*54 

65 

2964 

3 

149 

6.1 

296.2 

a 

14.2 

6.1 

196.1 

2 

ij.8 

*■3 

59^.5 

2 

'ill 

SI 

$1 

2 

1 

helix.  D Sown  tried  tide. 
deHrtfced  ia  Seetiox  11  A. 


Case  4 — Auoust  14,  1950 

S0UNDIN04 

Over  water,  14.1  km  downwind  of  windward  beach 


1410-1425  EST 
Tamper-  Mills* 

Poles  till 

Turbe- 

unto 

tm/kg 

Index 

21.7 

12,8 

294.0 

4 

51.5 

12.9 

294,1 

3 

20.9 

12.9 

294.I 

3 

■5-3 

594-5 

2 

20,0 

11.9 

594-> 

294.6 

2 

19.6 

M*4 

2 

19,4 

10.7 

295.O 

2 

!!:2 
18. 1 
17.6 

2'3 

5 95  5 

5 

8.7 

\i 

195.0 
595.6 

296.0 

l 

4 

17.0 

16,5 

7.6 

59f'9 

7 

7.3 

296,0 

4 

16,0 
: <.6 

?'.3 

595.9 

296,0 

2 

2 

154 

7-* 

296,1 

2 

14.6 

7.0 

296,0 

3 

U-3 

fl 

296,4 

3 

ij.8 

6,1 

596.5 

3 

ij.i 

6.1 

296,; 

1 

12,7 

6.0 

296.7 

1 

{•Nature  Heiffcl  ature  iutio  Twrnn,-  tw« 

mb  m *C  *m/k*  *K  Index 

101  c 31 U*  11.7  n.8  194,0  4 

IOC*  95  D 11,5  11.9  194.1.  3 

loci  155U  10.9  11.9  194.1  3 

993  120  D ,10.5  11.3  194.5  1 

98?  180  U 20.0  M.9  194.;  1 

979  345  a '9-6  m .4  1940  i 

972  405  U 19.4  10.7  295.0  1 

9 6i  470  P i9-»  9.3  295  5 5 

958  <30  L 18.8  8.7  295.9  < 

951  Soo  D 18.1  8.5  295,6  0 

944  660  U 17.6  7.6  296,0  4 

027  720  D 17.0  7.6  2gf.o  7 

930  .,,785  U iL;  7.3  296,0  4 

924  850  D 16,0  7.4  295.9  2 

917  910  U 1 5.6  6.3  296,0  2 

910  975  D 15.2  7.2  296,1  2 

904  1040  U 14.6  7.0  296,0  3 

897  1100  D 14.3  0.3  296,4  3 

890  m6$U  13.8  6', 1 296,5  3 

884  1 225  D 13,1  6.1  296,;  1 

877  1290  U 12.7  6.0  296.7  1 

• U represents  upwind  side  of  helix,  D downwind  wide.  Sounding 
flown  incoming  to  exacting  routine  described  in  Section  II  A. 

D,  Case  5 — August  15,  1950,  in  which  there  is  an 
alternation  between  the  formation  and 
non-formation  of  cumulus  clouds. 

A high-pressure  cell  east  of  Nantucket  caused 
the  air  to  blow  from  the  southwest  over  the  cooler 
waters  around  Block  Island  before  reaching  Nan- 


tucket. The  wind  sheared  rapidly  in  the  lowest 
600  m from  220®  to  2808.  Above  this  level  there 
was  little  wind  shear.  Insolation  reached  a maxi- 
mum of  1.6  gm  cal/cm-1  min"1. 

According  to  the  morning  radiosonde  observa- 
tion (Figure  23),  the  lowest  3-4  km  of  the  atmos- 
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Fla.  13.  Nut tucket  radiosonde  observation,  1000  est, 
August  ic,  1950.  Curve  marked  T ij  temperature! 
that  minted  IM  is  dew-point  temperature.  The 
curve  marked  P-H  ii  pressure-height  curve.  The 
figures  to  the  right  of  the  temperature  curve  are  mix- 
ing ratios  in  gm/kg.  The  radio-wind  observations 
made  at  the  same  time  are  entered  at  the  appropriate 
pressures  at  the  far  right. 

phere  was  stratified  Into  four  distinct  layers.  The 
lowest  400  m had  a lapse  rate  of  o.27°C/ioo  m, 
the  result  of  the  cool  waters.  The  next  2300  m 
was  less  stable  (o.8o°C/ioo  m)  and  presumably 
represents  the  remnant  of  a previously  well-mixed 
ground  layer.  Overlying  this  layer  is  a dry 
stratum  inversion  (see  Willett,  193J)  with  a lapse 
rate  of  — o.3°C/ioo  m.  The  next  layer,  the 
base  of  the  free  atmosphere,  has  a lapse  rate  of 
o,53°C/ioo  m.  The  soundings  taken  at  1200  est 
(Figures  24  and  25),  show  that  little  change  oc- 
curred in  the  lapse  rate.  A value  of  o.oi°C/ 100  m 
was  found  over  the  water  while  a value  of 
o.74°C/ioc  m persisted  in  the  air  above  the  land, 
exclusive  of  the  very  surface  air.  Later  at  132c 
est  (Figures  26  and  27),  a marked  change  in  the 
character  of  the  air  flow  over  the  island  was  noted 
and  the  lapse  rate  over  the  island  varied  from 
i.osC/ioo  m to  i.jo°C/ioo  m,  This  change  in 
stability  occurred  simultaneously  with  the  forma- 
tion of  small  cumulus  clouds  and  a chaotic  ap- 
pearance of  the  cross  sections. 

The  outstanding  feature  of  the  flow  over  the 
island  on  this  day  was  the  aiternation  between  the 
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Fig.  14,  Cross  section  made  from  airplane  sound- 
ngs,  Case  (,  August  ij,  1 9 <0  between  ucfe-1303  bst, 
Potential  temperatures  ana  turbulence  index  given  in 
units  previously  mentioned.  No  clouds  present  at 
time  of  observation. 


«•!»»« 


, aj.  Cress  section  made  from  airplane  soundings, 
e 5,  August  ij,  1950.  Mixing  ratic  expressed 


in  gra/xg. 


pilot  ialloon 
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production  and  the  non-production  of  cumulus 
clouds.  Cumuli  were  present  over  the  island  until 
1000  est,  They  then  disappeared  until,  at 
1330  est  a few  small  cumulus  with  limited  verti- 
cal development  were  produced.  The  four  air- 
plane soundings  were  made  while  the  skies  were 
clear.  The  horizontal  runs  were  made  while  the 
small  cumuli  were  present.  The  entirely  different 
patterns  of  the  two  situations  is  most  striking. 
In  the  case  with  no  clouds,  both  the  potential 
temperature  and  the  mixing  ratio  lines  indicate  a 
smooth  flow  of  air  over  the  island,  In  the  cloud 
case,  it  is  obvious  that  convective  eddies  are  pres- 
ent and  are  associated  with  the  cloud  formation. 
No  exact  interpretation  of  the  cross  section  can 
be  made  in  terms  of  particular  eddies  as  the  hori- 
zontal runs  are  not  simultaneous. 

The  outbreak  of  the  cumulus  clouds  after 
1300  est  can  be  explained  as  the  result  of  a 
change  from  stability  to  instability  of  the  lowest 


350  m of  air  over  the  island.  This  allowed  con- 
vective processes  to  carry  moist,  slightly  warmed 
air  to  the  level  of  lifting  condensation,  It  appears 
that  a certain  amount  of  "overshooting”  of  the  air 
is  required  to  reach  the  condensation  level. 

The  instability  resulted  from  a combination  of 
the  warming  of  the  air  upwind  from  the  island, 
decreasing  the  lapse  rate  to  o,33°C/ioo  m,  and  of 
the  higher  temperatures  of  the  solar-heated  land. 

Figure  28  is  a photograph  of  the  small  cumulus 
forming  over  the  leeward  shore  of  the  island. 
Their  small  vertical  development  and  localization 
are  apparent. 

In  searching  for  an  explanation  of  the  observed 
decrease  in  the  stability  of  the  air,  it  was  noted 
that  the  air  temperature  both  at  the  station  on 
Tuckemuck  and  upwind  from  Nantucket  in- 
creased by  2s  to  30 C at  the  time  of  reappearance 
of  the  clouds  over  Nantucket.  The  sea  tempera- 
ture, however,  increased  by  only  o.86C.  Two 


Fic,  :3,  Photograph  of  small  cumulus  clouds  forming,  over  leeward  shore  of  island,  I4C0  est,  August  !!, 

Prior  to  1 3 jo,  no  clouds  were  formed. 
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reasons  for  this  sudden  heating  of  the  air  have 
been  considered.  One  is  the  usual  warming  and 
drying  of  air  associated  with  the  clockwise  shear 
of  the  wind  at  the  rear  of  a high.  The  other  pos- 
sibility is  that  solar-heated  air  arrived  over 
Tuckernuck  and  Nantucket,  The  Vineyard  was 
upwind  from  Nantucket  as  far  as  the  wind  above 
iaao  m after  1300  est  was  concerned  and  heat 
could  easily  diffuse  downward  into  the  layer  mov- 
ing from  440°.  The  turbulence  of  the  air  upwind 
of  Nantucket  increased  with  the  reappearance  of 
the  clouds.  This  observation  supports  the  con- 
clusion that  Marthas  Vineyard  influenced  the  air 
over  Nantucket  and  also  substantiates  the  hy- 
pothesis that  heat  diffused  downward,  by  proving 
that  the  ability  of  the  air  to  transport  properties 
actually  did  increase. 

A comparison  of  the  pilot  balloon  observations 
taken  at  100c  est  over  Nantucket,  at  1443  est 
over  Tuckernuck,  and  at  iaoc  est  over  Nan- 
tucket, shows  that  the  wind  above  1440  m shifted 
from  48o°  to  45o°-46o°  for  several  hours  and  then 
returned  to  zyo^^oo9.  This  temporary  shift  was 
sufficient  to  bring  in  air  aloft  that  had  not  previ- 
ously passed  over  the  Vineyard  and  had  not  had 
its  stability  reduced,  The  same  wind  shifts  were 
observed  at  the  surface  on  Tuckernuck  Island  at 
about  the  times  of  disappearance  and  reappear- 
ance of  the  clouds  over  Nantucket. 

The  theoretical  studies  of  the  air  flow  over  an 
island  have  demonstrated  that  a necessary  con- 
dition for  the  production  of  downwind  cumuli  is  a 
rapid  change  with  height  in  either  the  stability  or 
the  wind  speed  of  the  free  air  upwind  of  the  island. 
It  is  unlikely,  however,  that  these  properties  of 
the  undisturbed,  relatively  high-level  air  stream 
would  fluctuate  with  time  sufficiently  to  cause  the 
observed  alternation  between  the  production  and 
non-production  of  cumulus,  It  appears  more 
plausible  to  related  this  to  changes  in  the  mixed 
ground  layer  which  is  often  very  sensitive  to  wind 
shifts  of  the  type  noted  (see  Stern  and  Malkus, 
1952). « 

1 Air  Flow  over  a heated  island  {II;.  Woods  Hole 
Oceanographic  Institution,  Reference  No,  51-17.  Manuscript 
report  to  OSice  of  Naval  Research,  19;:, 


Table  14  — Case  5 


Tl'crernucr  Surface  Oiservations  Aloust  15,  19(0 
Wind 


Dry-bulb 

Wet-bulb 

Direction 

Tun* 

Err 

Temper- 

Temper- 

f decree* 
ciockirtte 

from  X) 

Wind 

Tempc- 

**£• 

slurp- 

*C 

Speed 

m/ww 

Hg* 

IOOO 

ai.o 

19.6 

220 

0.8 

11. 1 

I 290 

31, 1 

‘9  7 

210 

r.i 

iaoo 

33.1 

10,5 

210 

0.7 

1300 

33. S 

10,6 

2JO 

1,0 

140c 

13.7 

10,8 

*3° 

1.0 

31, C 

Table  13  - 

- Case  j 

Nantucket  Pilot  Balloon  Observations 

August  15, 1950 

Time 

IOOO  BIT 

2200  EST 

Heifht 

Direction 

Direction 

(decrea  clock 

Velocity 
tn  Me  - ‘ 

(desroei  dock- 

Velocity 
m Ree-r 

m 

wii*  from  N) 

wfr*  from  X) 

0 

4-5 

2<0 

3-t 

JOS 

120 

3’* 

24O 

5.6 

610 

2JC 

i'3 

2 60 

8.1 

160 

S.3 

166 

6.8 

ills 

27c 

4.1 

270 

6* 

w 

280 

H 

270 

6,8 

1830 

29C 

H 

6.4 

Table  14.  — Case  5 

Tlcxernuck  Pilot  Balloon  Observations 
Auouit  l J,  igjo.  1 143  EST 


Direction 


HdiM  ns 

ide*rw»  clockwise  from  N) 

Velocity  i 

3< 

02  3 

6.1 

108 

130 

l'° 

:i6 

>3» 

8-3 

3U 

210 

6.0 

4U 

120 

6.3 

}>3 

210 

(.7 

ft  11 

«7 

*•7 

7V7 

S43 

801 

148 

0,0 

890 

143 

i.( 

900 

143 

1080 

143 

6 .( 

1 170 

143 

6.5 

1160 

1(6 

j: 

1350 

1(0 

o.( 

I44=> 

134 

S! 

153° 

270 

S'! 

1620 

250 

!■! 

1710 

2(8 

0.0 

iSco 

262 

6,0 

1890 

168 

7.5 

Table  i 5 — Case  5 
Woods  Hole  Insolation,  August  u,  1953 


Hour  (dr) 

InecUition 
I4TT1  cRl/cm*  hour) 

Hour  (est) 

Iuolatto: 

0600-C700 

18. 1 

I TOC- 1 jOC 

90 .0 

c7oc~cSco 

40.1 

I 300- I 4OO 

56.2 

0800-0900 

!9.I 

I 4OO—I COC 

71. 1 

0900-1000 

76,2 

1 coo- 1 6cc 

lOCC-l  100 

88.0 

1600-1700 

29,0 

i 100-1290 

96,1 

ill 
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Case  5 — August  15,  1950 


Sounding  i 


Over  water,  4 lira  upwind 


Temper- 

Mixin* 

man 

mb 

HtUbl 

m 

.jum 

Ratio 

«m/k* 

101 B 

8 

20.1 

12.9 

1017 

55 

*0.2 

130 

1013 

45 

20.t 

134> 

1011 

62 

'20,0 

13'0 

1008 

9} 

20.7 

12. 1 

1004 

no 

20.5 

10. 2 

1001 

155 

10,5 

9.5 

997 

188 

20.1 

9.9 

993 

120 

20.1 

9.7 

% 

2 JO 
ISO 

20.0 

10,3 

11 

9«3 

313 

20.2 

8.0 

979 

9?i 

345 

19.7 

7'7 

4=5 

19,7 

74 

969 

438 

194 

8,1 

965 

47° 

>s-i 

7.o 

561 

501 

18,8 

7.1 

OO  *wt« 

MtMlV 

iOtOt  0 

11 

18.6 

18.3 

18,1 

7.5 

7.» 

74 

948 

615 

17.? 

7.1 

944 

660 

17.6 

7.3 

941 

690 

174 

7.3 

937 

934 

93° 

720 

ill 

12.1 

16.9 

16,6 

2.6 

7.1 

IMS-Ill}  E5T 


Potential  Turfeu- 


291.0 

192^ 

291.6 

193.0 
193-5 
293'S 
*93,8 

293.9 

194.1 
194.1 
2950 
lgj.o 

294.9 

2954 

193.3 

195.® 

1955 

195.8 

1955 

295.7 

195.8 

1959 


295-9 

206.0 

296.1 
296.  t 


2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

i 
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Case  5 — August  15,  1950 

Sounding  1 

Over  island, -3km  downwind  of  wiedwani  shore  iiis-  tijj  ait 


Temper- 


Preeeur* 

Heiaht 

ature 

tab 

m 

°C 

1017 

16 

21.2 

101 J 

3' 

21.1 

IOI4 

4= 

11.5 

1012 

5= 

21.2 

1012 

62 

21.4 

1008 

95 

21.2 

1004 

126 

20.6 

I0C1 

>55 

20.6 

997 

188 

20,4 

993 

220 

20.2 

990 

55= 

204 

$ 

2<8 

280 

lO.j 

20.8 

983 

3>3 

204 

979 

34} 

20.1 

976 

376 

I9.8 

971 

4=5 

19.2 

969 

438 

IJ.j 

965 

47= 

>94 

962 

tai 

>9'3 

958 

53= 

IJ.O 

955 

563 

18.6 

951 

600 

184 

948 

6:t 

18. 1 

944 

660 

I7.9 

94i 

69= 

>7-7 

937 

7 JO 

17.5 

934 

7«C 

18. 1 

93= 

7§5 

16.5 

Mixin* 

Potential 

Turtjti- 

Ratio 

im/k* 

Temp. 

I&d« 

>3.7 

193.1 

not  readable 

>34 

293.2 

not  readable 

>3.9 

193.8 

not  readable 

12.8 

193.7 

not  readable 

12.8 

294.O 

not  readable 

12.6 

294.O 

not  readable 

10.9 

193'7 

not  readable 

10.2 

193.9 

not  readable 

10. 1 

294.1 

3 

10.3 

294-4 

3 

9.5 

194.5 

3 

8.9 

294.6 

1 

8,7 

291.1 

1 

7.6 

295,1 

1 

8,0 

295,2 

1 

8.0 

■ 295.I 

1 

7.8 

29;,I 

1 

7.5 

195-5 

i 

74 

295.6 

1 

7.6 

296.0 

1 

7.8 

296.0 

1 

7.8 

195.9 

1 

7.8 

296.0 

1 

7.7 

296,0 

! 

7.6 

296.2 

! 

7,7 

■296.2 

: 

7-3 

296.5 

1 

7.1 

296.5 

t 

7*^ 

296.1 

i 

Case  5 — August  15,  1950 


Over  water, 

Proawm 

mb 


SOUNDINO  3 

8 kra  downwind  of  windward  shore  1135”'  148  *ST 


1017 

tote 

iou 

1012 

1008 

IOO4 

1001 

997 

993 


9|3 

9§3 

980 

979 

978 

974 


H elf  fit 
m 

15 

13 

ii  { 

ill 

ill 

220 

ys 

si 

3»e 

34 


& 

961 

958 

955 

95> 

948 

944 

941 

937 

934 

930 


391 

438 

470 

5°  > 

S 

615 

660 

690 

710 

Si 


Tamper 

Hg* 
11*5 
22-4 
22.1 
22.1 
H.9 
II. J 
114 
21,0 
20.8 
20.6 
20.3 
20.2 
204 
20,1 
20.2 
19.9 

igi 

19.9 

19.8 

194 

10.0 


18.8 

18.7 

18.5 
18.1 
18.0 

17.7 

17.6 
>7'3 


Mirim 

Ratio 

fro/ki 

12-1 
1 1.2 
11.4 
114 
11.2 
iw 
1 1-7 
11. 1 
1 to 
10.8 
loo 

9*4 

9.7 

1:1 

1:1 

8.2 

7.i 

B 

7-5 

7.5 

7.5 

a 

7-1 

7.5 

7-4 


Potential 

TS1P- 

194- 1 

194,6 

194.5 
594'5 

194.6 

294.6 

194.7 
194.fi 
294.6 

294.8 

194.9 

295.0 

195- 1 
i95-> 
195-1 
195'1 
195-1 

195.1 

195.9 

296.1 
296.1 
296.: 
296.0 
*9f4 
1 96.5 
196.5 
206.  J 

3t:i 

196.8 


Turbv- 

leno* 

Index 


8 

7 

10 

6 


Case  j — August  15,  x%ta^ , _ 


Sounding  4 

Over  water,  11  kra  downwind  of  windward  shore  1250-1303  eit 


Temper- 

Frswur* 

mb 

Beta  irt 

D 

1017 

>5 

22.1 

1015 

3> 

22.0 

1012 

62 

2T  .6 

I0c8 

95 

11.3 

1006 

1 10 

214 

1004 

126 

21.5 

1001 

>55 

11-5 

997 

188 

114 

993 

220 

11.3 

PI 

1J0 

173 

21.0 

20,9 

986 

280 

20.9 

983 

3>3 

20,7 

97? 

3*5 

20,9 

976 

376 

20.7 

973 

405 

204 

969 

43» 

2Ci2 

965 

47= 

2C.2 

962 

95S 

501 
. 53° 

19.9 

19,8 

955 

Boo 

19-3 

95 1 

10. 1 

948 

615 

& 

944 

660 

941 

690 

>5.3 

937 

720 

18.2 

935 

735 

1 S.  1 

934 

93= 

785 

i j .1 

MUisa 

Ratio 

*m/k| 

Potential 

Tjmp. 

Turbo- 

Index 

13.9 

294-I 

5 

13.1 

294.2 

1 

13.0 

294-I 

6 

12,8 

294.2 

3 

12.0 

294.5 

5 

I'.} 

194.5 

1 

H.3 

194-7 

3 

10.8 

295.O 

a 

10,8 

295.I 

3 

10.6 

295.I 

4 

>=■3 

195.1 

a 

IC.C 

195-3 

2 

94 

195.5 

1 

7-7 

296.1 

2 

7'9 

296,2 

3 

74 

196.3 

4 

* 

w.O 

296.2 

2 

7.8 

296.6 

2 

7*4 

296.; 

1 

7*4 

296.5 

1 

7-2 

296,6 

1 

5:1 

$3 

1 

1 

7.6 

297.0 

1 

7.2 

297'= 

1 

?'i 

297.1 

1 

297.2 

1 

7.3 

297.1 

1 

7,2 

2974 

1 
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E,  Case  6 — August  25,  1950,  in  which  a fog 
bank  dissipated  over  the  island, 

On  this  day  a fog  bank  lying  off  the  eastern 
shore  of  Nantucket  moved  over  the  island,  lifted 
into  fra.cto-cumulus  clouds  and  then  dissipated. 
The  fog  bank  developed  in  an  air  mass  that  had 
moved  from  the  continent  out  over  the  cooler 
waters  of  the  oce_an,  stagnated  in  the  center  of  a 
high,  and  had  been  returned  to  Nantucket  by  the 
low-level  easterly  winds  in  the  southern  portion  of 
the  high  cell. 

The  wind  sheared  rapidly,  becoming  westerly 
at  upper  levels.  The  ijoo  est  Nantucket  pilot 
balloon  observation  gave  a wind  at  300  m of 
4.6  mps  from  6o°,  veering  to  2,1  mps  from  2109 
at  1 joo  m,  with  an  increasing  westerly  component 
aloft.  The  airplane  sounding  made  2 km  upwind 
of  the  island  at  1 138  est  (see  Figure  1 for  location) 
clearly  revealed  the  past  history  of  the  air,  In 
the  first  ioc  m,  there  was  a lapse  rate  of  o.69C/ 100 
m indicating  heating  of  the  air  from  below,  even 
before  it  reached  the  island,  by  the  increasingly 
warm  waters  (see  Figure  1).  From  100-500  m,  a 
strong  inversion  of  2,j°C  remained  from  the  previ- 
ous cooling  of  the  air,  From  500-660  m a lapse 
of  i.5°C  occurred  and  from  660-750  an  inversion 
of  o-.7°G.  Above  this  i steady  lapse  of  about 
o.5°C/ioo  m prevailed  up  to  3 km  in  the  air  that 
had  reached  the  region  from  a southwesterly 
direction,  The. Nantucket  radiosonde,  reproduced 
in  Figure  29,  revealed  the  same  general  air  struc- 
ture, with  additional  heating  from  below  due  to 


>IUM  I'CI 


Fig,  29,  Nantucket  radiosonde  observation  100c  est, 
August  it,  igto.  Curve  marked  T is  temperature; 
that  marked  tor  is  dew-point  temperature,  Curve 
marked  P-H  is  pressure-height  curve.  The  figures  to 
the  right  of  the  temperature  curve  are  mixing  ratios 
in  gm/kg.  The  radio-wind  observations  are  entered 
at  the  appropriate  pressures  at  the  extreme  right. 


the  island  causing  a dry  adiabatic  lapse  rate  in 
the  lowest  300  m.  Both  the  upwind  sounding  and 
Nantucket  radiosonde  showed  extreme  stratifica- 
tion of  the  water  vapor  content  of  the  air. 

The  solar  heating  was  intense  as  there  were 
only  a few  middle  or  high  clouds  in  the  area.  A 
maximum  insolation  rate  of  1.5  cal  cm-*  min-1  was 
measured  at  Woods  Hole  in  the  hour  from  1 100  to 
1200  est.  The  accompanying  map,  Figure  30, 


Fio.  30.  Mtp  of  Nantucket  Island  showing  the  ex- 
tent of  the  fug  bank  at  three  different  times  on  the 
afternoon  of  August  i$,  1950. 


shows  the  variations  in  the  limits  of  the  fog  bank 
and  small  ragged  cumulus  that  formed  just  at  its 
edges.  It  Is  apparentTrom  the  map  that  the  warm 
water  of  Nantucket  Sound  as  well  as  the  heated 
island  are  effective  in  lifting  the  fog.  The  water 
temperature  in  the  Sound  is  at  least  4°C  warmer 
than  in  the  Gulf  of  Maine  where  the  fog  was 
developed. 

The  cross  sections  of  potential  temperatures, 
turbulence  index  and  mixing  ratio  constructed 
from  the  spiral  soundings  made  between  1 138— 
1303  est  are  shown  in  Figures  31  and  32.  Figures 
33  and  34  show  similar  cross  sections  constructed 
from  the  horizontal  traverses  made  between 
13 1 5— !34°  est.  A study  of  these  sections  shows 
that  the  most  important  effect  upon  the  air  of  the 
heating  by  the  island  was  the  substantial  de- 
struction of  the  stratification  which  had  previ- 
ously been  created  and  maintained  by  strong 
stability  and  rapid  wind  shearing, 

The  rather  slow  ( ~ 4 mps)  passage  of  the 
air  across  the  island  permitted  the  building  up  of 
a mixed  ground  layer  to  heights  of  about  500  m or 
higher,  Figure  3T  shows  the  high  extent  of  the 
roughened  air  and  Figure  32  clearly  reveals  the 
destruction  by  mixing  of  the  moisture  strarifica- 
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tion  between  the  first  and  third  soundings,  The 
dissipation  of  the  fog  is  therefore  caused  by  a com- 
bined effect  of  lowering  the  relative  humidity  by 
the  added  heat  and  by  mixing  the  air  of  the  lowest 
“drv  wafer”  into  the  moist  bottom  air.  The  very 


♦OO 
5 MO 

a «oc 

I roc 

KX3 

C 

Fio,  33.  Cross  section  made  from  horizontal  airplane 
runs  made  between  1315-1340  est,  August  a 5,  1950, 
presenting  potential  temperature  and  turbulence 
index. 


Fiq.  34.  Cross  section  made  from  horizontal  airplane 
runs  presenring  mixing  ratios  in  gm/kg,  August  55 
1 g <0. 


small  fracto-cumulus  which  were  observed  at  the 
forward  edges  of  the  fog  bank  are  evidence  of  the 
eddying  process.  By  the  time  of  the  horizontal 
runs  (Figures  33  and  34),  the  effect  of  the  island 
is  somewhat  weakened,  although  the  spreading  of 
the  moisture  by  mixing  is  still  striking  in  Figure34 
As  the  insolation  declined,  and  with  it  the  mixed 
ground  layer,  the  fog  bank  gradually  covered  the 
entire  island.  By  1530  est  it  had  formed  a low 
strato-cumulus  overcast. 

Although  this  case  is  of  little  value  in  compari- 
son with  the  theoretical  model,  since  the  air  flow 
was  along  the  long  dimension  of  the  island,  the 
wind  sheared  rapidly,  and  the  initial  air  stream 
was  so  highly  stratified,  it  is  nevertheless  of  inter- 
est to  observe  the  effects  of  heating  from  below  in 
such  a different  situation  and  the  part  played  by 
the  mixed  ground  layer  in  the  dissipation  of  a fog 
bank. 


Table  16  — Case  6 


. Nantucket  Pilot  Balloon  OmnVATioNs,  August  15,  1950 


1 500  EST 


Height 

Direction 

Velocity 

m 

(decree*  elockwiae  from  N ) 

□2  pa 

0 

0(0 

4.C 

Si 

o$o 

060 

3 

915 

I 10 

1220 

180 

j.j 

«i»5 

210 

2,2 

1830 

110 

3*7 

Table  17  — Case  6 


Woods  Hole  Insolation,  Auoust  15,  1950 


Icjcitnn 

Hour  [ht)  (*nj  cal/cm*  hour) 


iooo-iioc  72,1 


InaoUHon 


Hour  (mt) 

(jm  c*l/ cm1 

1 1 00-1 2-0 

88,0 

IIOO-130O 

60.  r 

I300-I400 

42,1 

I4OO-I COO 

l6,I 

1 (OO-lSoo 

17,1 

Case  6 — Auoust  25,  1950 


Sounding  i 


Over  water,  2 km  upwind  of  windward  shore  1138-1158  est 


Prwure 

Height 

Temper- 

ature 

MULni 
Ha  do 

Potectixl 

Temp. 

Turbu- 

lence 

mb 

m 

*C 

Itt/Tt* 

Index 

1311 

8 

18.0 

10,9 

289./ 

189.8 

8 

tcac 

16 

:S,i 

ID, a 

8 

1 C I q 

23 

18.0 

10.8 

290.0 

8 

1318 

3' 

17.9 

10.8 

190. c 

8 

1017 

39 

17.9 

■0.9 

190.0 

8 

lei  6 

47 

17.9 

10.9 

290.0 

8 

ici£ 

rt 

17,8 

n. 0 

190.0.. 

8 

1015 

17.6 

IC.9 

290.C 

8 

1013 

7» 

'7-5 

10.9 

290.0 

5 

1C!  I 

94 

'7-5 

ic.8 

190.1 

3 

1010 

I 10 

17.4 

ic.8 

190.1 

3 

1007 

12c 

■7’J 

10.8 

*9°>3 

1 

IOC4 

I <j 

1 7 • 5 

ic. 6 

19c. 6 

1 

1000 

188 

17.5 

>=•3 

291. 1 

1 

99$ 

99* 

198 

'7-5 

10.2 

291.2 

1 

210 

'7-3 

9'5 

191.0 

1 

220 

'7-4 

8.1 

191.2 

1 

994 

234 

'7'1 

6.5 

291.2 

1 

992 

2 CO 

18.2 

<■9 

i 

589 

282 

18.8 

5.9 

253*! 

1 

984 

3'3 

19,1 

6.5 

193-9 

t 

982 

344 

19.2 

4.4 

154.1 

1 

979 

376 

406 

>93 

3*4 

294.6 

1 

975 

'9-3 

3-2 

294.9 

i 

972 

438 

19-3 

3'° 

295.0 

1 

968 

475 

19.5 

1.2 

295.5 

1 

96  ; 

fCI 

19,0 

>•5 

296.2 

1 

961 

532 

19.8 

33 

296.1 

1 

958 

563 

19.4 

3* 

296.5 

1 

954 

595 

o:c 

19.0 

;.i 

8.2 

296.4 

1 

95' 

!8.t 

296.2 

1 

947 

658 

>8.3 

7.8 

296.2 

1 

944 

690 

1 8.6 

4.7 

296.8 

1 

94O 

750 

1 8.8 

2.8 

297.4 

1 

937 

m 

19,0 

>•9 

298.3 

1 

933 

>1-9 

2.2 

298.1 

1 

93= 

|«s 

18.7 

5'3 

298.1 

1 

927 

] 3.1 

7.1 

297.9 

1 

9=3 

876 

18.2 

7.5 

258.4. 

1 

920 

S°® 

1 8.1 

7." 

29S.4 

1 

9'7 

94= 

18. 1 

£.0 

295.5 

1 

9'3 

97= 

18.0 

8-9 

295.9 

1 

91  = 

ICOC 

17.8 

"■7 

299.0 

1 
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Case  6 — August  aj,  19J0  Sovnbino  3 {continu'd) 


SOUNDING  3 


Over  island,  5 km  downwind  of  windward  shore  1106-1220  est 


Temper- 

Mixing 

Potential 

Turbu- 

Pressure 

mb 

Hdshl 

m 

'S}!:™ 

lUtio 
sm/k  a 

Ti|P' 

lence 

Index 

I0l6 

47 

1 8*7 

Hal 

ago, 9 

10 

1C16 

J5 

18.3 

1 I.I 

ago, a 

1! 

1015 

h 

1 8.6 

u-3 

ago, 6 

11 

1013 

78 

18, i 

11. 1 

>90.3 

1 1 

1011 

94 

17,9 

10.8 

ago, 4 

10 

1010 

no 

18. a 

10.7 

191.0 

10 

1007 

115 

177 

11. 1 

ago, 3 

\ 

100$ 

140 

17-4 

n.i 

590,3 

8 

8 

10C4 

156 

17. a 

IC.4 

ago. a 

1004 

156 

i8.a 

10.4 

591.4 

: 

1000 

1 38 

'7-5 

10.8 

391.0 

1 1 

998 

198 

■ 17, 1 

10.8 

ago, 6 

10 

996 

110 

10.9 

9-3 

190.6 

9 

996 

115 

17-i 

io-7 

591.4 

% 

111 

18, 1 

8.6 

59 

591.3 

495'3 

5 

984 

3'-3 

18,8 

6.5 

593'8 

4 

s8a 

8 

18.6 

4-9 

593'3 

2 

979 

I9.0 

4-1 

594-5 

1 

975 

406 

19. a 

3’1 

594.8 

1 

sp 

438 

470 

in 

5-5 

1.4 

593.1 

596.O 

1 

r 

. <0! 

19.7 

<■! 

596.1 

1 

961 

<31 

19.8 

a.i 

196,5 

1 

958 

563 

£95 

i?.i 

■$•3 

396.3 

1 

954 

18.8 

u 

8,8 

196.1 

1 

951 

947 

65! 

18. < 
iB.a 

196.1 

196.1 

1 

1 

940 

673 

J 8 . 1 

S.t 

196.3 

1 

944 

690 

18.1 

6-7 

596.5 

940 

710 

,19.0 

«£ 

497'5 

1 

937 

75‘ 

'H 

a, 6 

198.0 

1 

933 

7S4 

io,3 

L - 
u,u 

597-5 

: ~ 

93° 

si  5 
876 

18.5 

7-8 

198.0 

1 

913 

18.4 

8,c  , 

s98-3 

! 

917 

940 

18.3 

7-7 

198.7 

! 

Case  6 — August  25,  1950 

Sounding  3 

Over  water,  lg  km  downwind  of  windward  shore  ! 117-1540  est 
(not  plotted  on  Figures  3!  and  3a  since  ascent  not  made  on  a 
continuous  line  with  other  soundings} 


Pressure 

Height 

Temper- 

ature 

Mixing 

Ratio 

Potential 

Temp, 

Turbu- 

lence 

mb 

m 

•c 

gm/kg 

Index 

1020 

16 

19,6 

IC,6 

191.4 

9 

10l8 

JI 

I9.4 

IC.6 

39 1 d 

§ 

8 

I0l6 

47 

ig.l 

10.7 

ic.S 

39U3 

10!  5 

63 

19. t 

291.4 

7 

1013 

78 

1 8.8 

10J 

191.2 

7 

ioii 

94 

18,7 

18.6 

10.9 

291.: 

0 

1007 

ic. 7 

i9i  < 

6 

ICC4 

id 

188 

18.4 

10,7 

291,5 

6 

IOOO 

18,4 

10,7 

191.7 

3 

996 

2 20 

18.1 

9.0 

191,0 

3 

994 

2,0 

1S5 

19,0 

7-1 

593- 

4 

590 

19-4 

6.9 

593.5 

3 

9I9 

181 

19.0 

74 

193.2 

2 

gss 

397 

IS. 8 

9.1 

294.1 

2 

9S4 

313 

1 3.6 

g.c 

193,4 

3 

983 

3 3? 

1 8-9 

6.1 

293.6 

3 

gsl 

344 

1 8.8 

i'J 

293,8 

3 

979 

376 

18.8 

4.4 

154.= 

975 

406 

18.7 

4.0 

294.0 

9?3 

co 

18.6 

3- 9 

594-5 

rwsure 

Temper- 

Mixing 

Potential 

Turbo 

Height 

at;;ro 

Ratio 

Temn. 

lence 

mb 

m 

gm/kg 

°K 

Indei 

968 

470 

18.5 

3.8 

294,6 

2 

965 

501 

18.5 

55 

195.0 

3 

961 

535 

18,8 

5.3 

295.6 

3 

95  8 

563 

18.8 

6.7 

595.8 

3 

954 

595 

.8.5 

7.7 

i§6o 

2 

951 

6u 

18.3 

8.3 

296.0 

1 

947 

658 

1 8.2 

8,6 

59^.3 

1 

544 

6go 

18.2 

8.8 

296.5 

1 

94C 

750 

18.1 

8.4 

196.7 

1 

937 

751 

1 8.0 

8.4 

597.0 

1 

933 

784 

18,0 

8.4 

197.1 

1 

93« 

8.5 

179 

8.3 

5974 

1 

957 

845 

■7'7 

8,2 

597.4 

i 

910 

908 

18,3 

7.4 

298,6 

t 

917 

940 

1 8.2 

7.5 

298.6 

1 

910 

IOOC 

18.1 

6.7 

599.5 

1 

900 

t tec 

17.6 

7.4 

599.5 

1 

Case  6 

— August  25, 

1950 

SOUNDINO  4 

Over  water,  19  km  downwind  of  windward  short  1146-1303  err 


Temper- 

Mixing 

Potential 

Turbu- 

Pressure 

mb 

HHaht 

tn 

ature 

•C 

Ratio 

am/lcg 

Temp. 

•K 

latte 

Itsdax 

1021 

8 

19,6 

11.4 

291.0 

not  readable 

1020 

16 

19,6 

11.2 

251.1 

not  readable 

1018 

3' 

19.7 

IO.9 

291.5 

not  readable 

1016 

47 

'9.4 

II. 2 

191.5 

not  readable 

1015 

53 

19.2 

n.4 

591-4 

not  readable 

10T3 

■ 7® 

iy.i 

10,9 

291.5.  . 

not  readable 

ion 

94 

I9. 1 

10.9 

291.6 

$ 

1007 

155 

18.8 

11.0 

291.7 

4 

1004 

156 

18.6 

10.7 

291.6 

4 

1000 

188 

■S3 

10.9 

291. 1 

4 

996 

220 

18.2 

10.4 

191.9 

4 

992 

150 

17.6 

10.6 

2917 

5 

989 

l8l 

17.5 

10.8 

191.8 

5 

984 

313 

'■7.3 

IC.O 

292.1 

5 

982 

344 

17.5 

104 

291.1 

4 

979 

37« 

17,0 

10.4 

292.2 

3 

977 

39 ! 

16.9 

10.8 

595.3 

2 

973 

406 

I8.5 

4.6 

194.1 

2 

973 

421 

17,0 

10.4 

292.8 

r 

975 

438 

18,2 

6.8 

294.0 

: 

970 

453 

1S.9 

37 

5.14.8 

r 

968 

47= 

19'3 

7.8 

595.5 

1 

961 

535 

ig.l 

77 

195.9 

i 

95' 

625 

I9.0 

8.8 

296,5 

0 

944 

690 

18.7 

87 

296.9 

c 

937 

75' 

l8.6 

8.1 

5977 

0 

93= 

8i; 

18,4 

8.2 

597.5 

1 

953 

876 

18.4 

79 

298,4 

1 

9'7 

940 

18.2 

77 

298.6 

1 

9'3 

97= 

18,4 

7.5 

259.1 

1 

91c 

ICCC 

1 8.1 

3.9 

299.5 

1 

907 

1535 

18.5 

3'i 

1997 

1 

900 

ic66 

18.4 

3.i 

355.4 

1 

893 

; :6c 

18.4 

2.8 

3=1.1 

2 

884 

t its 

17.3 

57 

3=1.1 

0 

877 

'3': 

17.0 

4.1 

3='-3 

i 

867 

1410 

16,3 

57 

301.5 

! 
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F.  Case  7 — August  28,  igjo,  in  which  very  small 
cumulus  clouds  were  formed. 

The  synoptic  chart  on  this  day  showed  a po>ar 
front  north  of  the  region,  cutting  eastward  across 
the  Great  Lakes  and  extending  northeastward  into 
a strong  low-pressure  center  between  Labrador 
ard  Greenland.  The  Nantucket  area  was  m we 
moderate  southwesterly  flow  characteristic  of  the 
western  portion  of  a high-pressure  cell,  The  air 
reaching  Nantucket  had  had  a 4=0  mile  trajectory 
over  cooler  water,  commencing  as  it  left  the  Dela- 
ware shore.  The  sky  was  somewhat  hazy  with 
fine  weather  cumulus  over  the  Cape  and  Vineyard 

appearing  at  about  08  <5  E9T' 

The  airplane  sounding  made  at  12CO  -est  up- 
wind of  the  island  showed  an  inversion  of  about 
isC  from  the  surface  to  150  m,  a lapse  rate  ot 
o.6<°C/ioo  m from  150-660  m,  another  sharp  in- 
version of  i.i°C  between  660  and  785  m and  above 


i*5) 

if  w* 

(»fi  .w*  -re'  | 1 1 ■ 1 ‘ ^ 


I**)  U«K**Tt*l  1-Si • 

p!0  it,  Vmtuclcet  radiosonde  obsey»non,aaoo  i*t, 

17,  1 9 to.  Curve  marked  T is  temperature, 
dXmarkedTsr  is  dew-point  temperature.  Curve 
marked  P-H  is  pressure-height  curve.  The  figures 
to  the  right  of  the  temperature  curve  are  the  mixing 
ratios*  in8gm  /Teg.  The  radio-wind  observations  made 
at  Se  .EHme  are  entered  at  the  appropriate 
pressures  at  the  extreme  ngtin 
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DISTANCE,  TCtLOUCTERS 

Fio.  37.  Cress  section  constructed  from  airplane  roundings,  August  a8, 19J0,  Mixing  ratio  given  in  gin/k*. 


that  a lapse  rate  of  o.48°C/ioo  m up  to  the  top  were  not  photographed  until  1310,  by  which  time 

of  the  sounding  at  1290  m.  The  Nantucket  radio-  they  hrd  lost  some  of  their  lenticular  form, 

sonde  for  the  28th  was  not  available,  but  that  for  Figure  38  shows  one  of  these  streets  stretching  out 

2200  est  of  the  27th  is  reproduced  in  Figure  35,  to  lee  of  the  northeast  shore  of  the  island,  with 

The  Nantucket  pilot  balloon  observation  (Table  the  fog  bank  off  the  southeast  shore  in  the  back- 

18)  showed  a southwesterly  wind  which  turned  ground.  The  cumulus  base  was  observed  to  be  at 

little  with  elevation,  being  3.7  mps  from  230°  at  about  600  m,  Since  the  soundings  showed  a sharp 

the  surface  and  4.3  mps  from  240°  at  1830  m,  inversion  based  at  660  m,  a positive  area  of  only 

The  solar  heating  of  Nantucket  was  diminished  60  m vertical  extent  was  available  for  their 

slightly  by  a small  amount  of  high  cloudiness  and  growth.  It  is  significant  to  note  that  on  this  day 

attained  the  maximum  value  of  1.5  cal  cm~!  of  rather  smooth  flow  over  the  island,  and  only  a 

min'1.  The  most  interesting  feature  of  this  day’s  small  region  of  conditional  instability,  the  cloud 

observations  were  the  cloud  formations,  All  day  forms  closely  resembled  the  common  type  ob- 
long a fog  bank  maintained  itself  off  the  southeast  served  in  waves  to  the  lee  of  mountains, 

shore  of  the  island.  This  began  to  move  in  over  Figures  36  and  37  show,  cross  sections  con- 

the  airport  at  1330  est,  forcing  the  curtailment  of  structed  from  the  four  airplane  soundings,  The 

the  observations.  Apparently  quite  indepen-  inversion  based  at  660  m is  particularly  noticeable 

dently  of  the  fog  bank,  very  small  cumuli  began  in,  both  the  potential  temperatures  and  mixing 

appearing  along  the  lee  rim  of  Nantucket  at  ratios.  A calculation  of  the  turbulent  mass  ex- 

0945  est.  By  loco,  the  airplane  observer  noted  change  has  been  made  from  the  soundings,  supple- 

that  rows  of  several  of  these  small  clouds  extended  mented  by  the  surface  observations  and  water 

out  to  leeward  and  that  their  appearance  was  temperatures.  The  flow  of  sensible  heat  into  the 

“almost  like  eyebrows”.7  Unfortunately,  they  » Quoted  directly  from  airplane  observer's  notes. 
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lower  layers  was  computed  from  the  accumulation 
of  heat  as  determined  from  the  soundings,  Gradi- 
ents have  been  found  with  the  help  of  the  surface 
observations.  This  step  has  a large  degree  of 
uncertainty  as  negative  gradients  of  the  potential 
temperature  eidst  only  in  the  lowest  30  m over 
the  land  while  the  airplane  only  made  measure- 
ments at  30  m and  higher,.  The  results  of  this 
work  show  that  in  the  lowest  30  ra  in  the  0-3  km 
region  the  coefficient  had  the  low  value  of  jo  gm 
sec'1,  while  downwind  over  the  remainder  of 
the  island  and  3 km  of  water,  it  attained  the  value 
of  270  gm  cm'1  sec"1-  Corroboration  of  this  in- 
crease is  found  in  the  turbulence  index  curves 
which  change  from  5 to  15. 


It  is  noticed  that  the  greatest  increase  in  the 
accumulation  of  water  vapor  occurs  over  the  island 
and  in  the  first  three  Itilometers  downwind  from 
the  island,  This  area  coincides  with  the  region  of 
greatest  turbulence  and  mixing,  Downwind  of 
the  9 km  mark  the  turbulence  decreases  and  only 
a small  amount  of  water  vapor  is  added  to  the  air. 
Rough  calculations  based  on  moisture  accumula- 
tions show  that  the  coefficient  of  turbulent  mass 
exchange  decreases  from  a value  of  1600  gm 
cm-1  sec-1  in  the  region  from  6 km  to  9 km  to  a 
value  of  400  gm  cm"1  seer1  in  the  region  from  9 km 
to  11  km.  These  values  were  computed  for  the 
lowest  450  m. 


Ftr.  :8  PhotoeTich  of  fog  lying  --iff  the  southeast  short  of  Nantucket.  All  airplane  observations  were  made  in 
dear 'air  at  riglu  of  fog  bank!  Note  the  street  of  small  cumulus  clouds  in  the  foreground,  stretching  downwind 
dear  air  ngm  from  the  east  shore  (coastline  shown). 
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Table  j8  — Case  7 

Nantucket  Pilot  Balloon  Oiseavatioxi,  August  28, 1950 
1600  EST 


Hrtihv 

m 


ffl 

9'  5 

mo 

'PS 

1830 


Direction  Yeioetty 

(degrwa  doekwiae  from  N)  mp* 

»JO  3-7 

130  6,! 

150  6.7 

»5o  Si 

250  5,8 

240  4.0 

»4®  4-3 


Table  19  — Case  7 

Woods  Hole  Insolation,  Auoust  28,  1950 


Prenrarw 

mb 

931 

9*4 

9*7 

511 

g 

!C 

878 

871 


Height 

m 

KJ8 

870  D 
931  U 
isoo  D 
1065  U 
1115  D 
1190U 
«»JS  D 
1320  L 


Tetnper- 


SOUNDING  2 {fOktiHUtif) 

W 

pn/« 

21  >2  7,6 

21.3  74 

20^  7.2 

20,2  74 

19.$  8.1 

19*9  7*5 

19*1  7*7 

194  6.0 

18.9  6,8 

18.5  6,9 


Potential 

300.7 
301.5 
301.0 
304 

301.8 
3°»4 
3<«.5 
303.3 
303.J 

303.9 


Tarim- 

Iwvca 

Index 

1 

2 

1 

2 
1 
I 

1 

2 
I 
1 


InaoUllgo 

Hour  (x»r)  (gm  cal/em'  hour) 


0600-0700 

0700-0800 

O&O-O9OO 

0900-1000 

looo-noo 


1 0.0 

25.1 
54-0 
59- : 

, 71.1 


Hoar  (**r) 
1100-1200 
1200-1300 
I3OO-I4OO 
1 400-1 <00 


Ineqlatien 
tea  ad/'em'  hour) 


1 

8S0 

87.0 

74.2 


Case  7 — Auoust  18,  1950 
SOUNDIHO  3 

Ovtr  water,  9 km  downwind  of  windward  ibore  1240-1255  m 


Mixing 

Ratio 

gm/kg 


Case  7 — August  18,  1950 

Sounding  1 

Over  water,  3.2  km  upwind  of  windward  shore  1200-1116  *»t 

Potential 
TW 


Mixing 

Ratio 

gm/Lg 


Turbu- 

tetAn 


393^  5 

393.6  3 

394.3  3 

3946  5 

395-0  5 

1954  § 

395.5  6 

^195.5  3 

19I-8  3 

190,0  2 

395-9 

3974 

300X5 

300.8 

301.1 

301.0 

301.2 
302.C 

301.8 

301.8 

303.1 

jt iU  upiriud  aH«  of  I*«Hx.  D downwind  dtte.  Bounding 
; to  exacting  routine  described  In  Section  II  A. 

Case  7 — August  18,  1950 
Sounding  2 

Over  island,  3 km  downwind  of  windward  shore  1211-1236  est 


Preeaure 

mb 

loog 

1001 

994 

987 

98c 

$ 

959 

951 

945 

935 

• U rep: 
Sown  accord; 


Potential 
T^p. 

7m.fi 

■77rw 

394.5 
194.} 

294-6 

195.0 
»9543 
395-5 
395-9 

200.1 

396.1 

396.7 

399.5 

300.7 

300.8 

301.1 
301x3 

300.9 
301x3 

303-9  ... 


-9  7TOO 

7-0  303.5 


Turbu- 

lence 

Index 

12 

8 

6 

6 

7 

3 

1 

1 

2 
2 
2 
1 
1 
1 
1 
1 
1 

1 

2 
2 
1 


• U repraaesta  up  wind  tide  of  helix,  D downwind  tide,  Sounding 
Sown  according  to  exacting  routine  dreeriW  in  Section  II  A. 

Case  7 — Auoust  28,  1950 
Sounding  4 

Over  water,  11  km  downwind  of  windward  shore  1300-13!  5 est 
Tetnper- 


Hebtkt 

Temper- 

Mixing 

Potential 

Turbu- 

ature 

Ratio 

Te.Sp- 

lence 

m 

»C 

gm/kg 

Index 

62  u* 

21.1 

'3'3 

393.9 

'4 

126  D 

20.6 

13.3 

294.0 

'3 

188  U 

...  20.2 

134 

194.5 

3 

itoD 

«.3 

'3.1 

295.0 

2 

20.2 

12.6 

395.4 

3 

376  p 

I9.9 

12.5 

395.5 

2 

438  L 

19,2 

12.4 

395.5 

296.0 

1 

<01  D 

18,8 

12 -3 

3 

9-63  U 

184 

12. a 

296.0 

2 

-35  P 

i8.o 

12,2 

2964 

1 

690  L 

I9.7 

IC.2 

298.5 

1 

s^nU  upwind  side  of 
:g  to  exacting  routine 

helix.  D downwind  side, 
described  It  Section  II  A. 

ScuDding 

Prweure 

mb 

1011 

loot 

998 

990 

9=3 

976 

9*9 

961 


94i 

934 

937 

911 

9U 

907 

s; 

887 

88i 

874 


Height 

m 

38  U* 

95  D 

'55  k 
220  D 
280  V 
345  D 
405  U 
47°  D 

SS 

660  u 

7:0  D 

illH 

910  U 
975  D 
1040  L 
110c  D 
1165  U 
1225  U 
1196  D 


21.7 
214 

21.1 
20.6 
20,6 
20.0 

19.8 

>9 -3 

19.0 

18.7 

20.2 

20.8 
10,8 
20,7 

20.3 

20.1 
19-3 

19.3 
19. a 
is, 8 
18,5 


Mixing 

Ratio 

gm/kg 

'4'5 

14.1 
13.8 
13-8 
33-5 

13.1 
1 2-6 
124 

11.2 
12,1 
1 1,0 

8.1 

74 

i 

7.3 

7.1 

7-3 

U 

7,0 


Potential 

Teanj). 


Turbu- 

lence 

Index 


294.0 
3944 
394-5 
294-7 
3954 

395.5 

395.8 

290x5 

296.3 

396.5 

298.6 

299.8 

300.4 

300.9 

301.1 

301.5 

301.1 

301.1 

3=3.0 

303.3 


' V represent*  upwind  ado  cf  helix,  D downwind  aide. 
Sown  according  to  exerting  routine  described  ir.  Section  II  A. 


6 
6 
a 

1 
1 
a 
a 
1 
1 
a 
1 
1 

1 

2 
1 
1 
1 
1 
1 

Scuadicg 


4o 
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G.  Cose  8 — September  5,  1950,  in  which  a cold 
front  had  recently  passed  and  strong  cumu- 
lus convection  occurred. 

The  synoptic  situation  was  dominated  by  the 
inflow  of  cold  polar  air  after  the  passage  on  the 
preceding  afternoon  of  an  occluded  cyclonic  sys- 
tem, Nantucket  at  the  time  of  observation  was 
in  a region  of  rapidly  rising  pressure  in  the  for- 
ward portion  of  a strong  high  cell  with  a gradient 
wind  from  the  north.  There  were  many  indica- 
tions that  the  air  wa^  being  rapidly  warmed  by 
the  water  as  it  approached  Nantucket.  The  water 
temperature  was  about  5°C  warmer  than  that  of 
the  lowest  air;  unlimited  visibility  and  strong  iow- 
level  turbulence  prevailed.  Small  cumulus  ap- 
peared scattered  uniformly  over  the  waters  of  the 
Sound,  forming  a sky  coverage  of  1/10,  The  level 
of  these  small  clouds  was  determined  accurately 
from  the  airplane  as  it  flew  from  Falmouth  airport 
toward  Nantucket  between  0850  and  0925  est, 


Their  bases  were  at  350  m and  tops  about  500  m, 
some  higher,  with  smooth  air  above  their  tops. 
As  Nantucket  was  approached  from  the  north, 
large 'swelling  cumulus  were  noted  over  the  island 
(Figures  39  and  40),  and  medium-sized  swelling 
cumulus  were  seen  extending  at  least  8 km  to  the 
lee  (south)  of  the  island,  diminishing  to  smaller 
cumulus  after  about  8 km.  Approximately  15-16 
km  south  (downwind)  of  Nantucket  the  largest 
clouds  of  all  were  seen,  namely  a row  of  at  least 
four  black  cumulonimbus  with  well-developed 
anvils  reaching  upward  to  at  least  a km.  The 
observed  cloud  distribution  at  about  1000  est  is 
shown  on  the  map  in  Figure  41.  Time-lapse 
motion  pictures  looking  eastward  from  Tucker- 
nuck  Island  verified  its  significant  features. 

The  Nantucket  radiosonde  flight  at  1000  est, 
reproduced  in  Figure  42,  showed  air  of  very  low 
stability  up  to  2100  m where  a strong  inversion 
was  based.  Since  this  flight  was  made  from  Nan- 


Fic,  39.  Aerial  photograph  c?  Nantucket  clouds  taken  at  1010  EST,  September  1930,  from  location  marked 
"first  plane  photo"  on  the  map  in  Fig,  4i.  Great  Point  is  in  the  extreme  lower  let t of  the  photograph,  and 

Nantucket  harbor  in  the  extreme  lower  right, 
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tucket  airport  near  the  south  (downwind)  portion 
of  the  island,  the  low-level  lapse  rate  was  com- 
puted from  the  first  (upwind)  airplane  sounding 
in  order  to  be  representative  of  the  basic  air  cur- 
rent before  disturbance  by  the  heating  of  the 
island,  The  mean  lapse  rate  for  the  air  below  the 
inversion  was  about  o.6$°C/ioc  m,  while  the 
mean  lapse  rate  from  the  base  of  the  inversion  up 
to  <700  m was  o,420C/ico  m.  The  mean  mixing 
ratio  of  the  air  below  the  inversion  was  about 
6.5  gm/kg  decreasing  rapidly  above. 

Although  no  insolation  record  was  taken  on 
this  day,  one  made  at  Woods  Hole  a few  days 
earlier  indicated  that  the  maximum  rate  at  noon 
would  be  about  1.4  gm  cal/cm J min  if  no  cloudi- 
ness were  present.  The  rate  of  sensible  heat  accu- 
mulation between  Sounding  1 and  Sounding  2 (see 
Figure  1 for  their  locations),  assuming  that 
Sounding  1 wa9  characteristic  of  the  air  just  at 
the  upwind  shore,  corresponded  to  a flux  of  sensi- 


ble heat  into  the  air  of  0,53  gm  cal/cm1  min.  As 
shown  by  the  map  in  Figure  41,  this  air  passed 
under  clouds  during  a considerable  fraction  of  its 
travel  from  the  first  location  to  the  second.  Ad- 
dition of  sensible  heat  to  the  air  by  the  island  was 
perceptible  on  Sounding  2 up  to  750  m.  Measure- 
ments using  the  heat  exchange  computer  on  Nan- 
tucket airport,  which  remained  mostly  in  the  clear 
between  two  cloud  streets  to  the  east  and  to  the 
west,  showed  a sensible  heat  flux  to  the  air  of 
1.3  gm  cal/cm1  min,  the  largest  value  measured  in 
any  of  the  Nantucket  cases.  Between  Soundings  2 
and  3,  the  air  was  still  accumulating  heat  corre- 
sponding to  a flux  of  0.29  grn  cal/cm1  min,  and 
between  Soundings  3 sn<^  4 a slight  loss  was  indi- 
cated, so  small  as  to  be  within  observational,  and 
computational  error.  If  real,  it  was  probably  due 
to  cold  water  upwelling  close  to  the^  downwind 
shore  of  the  island.  There  is  some  evidence  that 
heat  was  still  being  added  to  the  air,  although 
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= Fin-  Al-  Mad  showing  schematic  configuration  of  major  Nantucket  cloud  jtreeu  during  the  late  forenoon  of 
September  j,  igtc.  Cloud  lines  anrk**ud  accurately  from  the  photographs,  soundings,  snd  observer's  notes, 
but  the  number  of  clouds  was  so  great  th*t  individual  clouds  are  not  located  exactly  or  to  sckki~  TW-laj»e 
movies  (Fig.  43)  were  msde  from  the  designs  ted  position  on  Tuckeniuck  Island.  Figs.  39,  40,  and  44  were  taken 
from  the  places  marked  "first  plane  photo'',  "second  plane  photo",  and  “third  plane  photo”,  respectively.  The 
locations  of  the  centers  of  the  helical  sounding  are  shown  by  the  numbered  circles  (Soundings  a,  3,  and  4 pass 
at  least  partially  within  clouds),  and  most  of  the  horizontal  runs  were  made  under  or  near  the  same  cloud  street 

on  a north-south  section. 

more  slowly,  as  it  moved  downwind  from  Nan- 
tucket. The  first  400  m of  the  last  airplane  sound- 
ing (about  8 km  off  the  lee  shore)  showed  an 
adiabatic  lapse  rate,  and  the  mean  water  temper- 
ature for  about  30  km  south  of  Nantucket  was 
probably  still  slightly  warmer  than  the  maximum 
temperature  of  the  air  as  it  left  the  island  (see 
Figure  1,  Nantucket  radiosonde  in  Figure  42,  and 
the  Tuckemuck  water  temperature  in  Table  22). 

The  Nantucket  and  Tuckernuck  pilot  balloon 
observations  (Tables  20  and  21)  showed  a wind 
practically  without  shear  up  to  1200  m,  where  it 
gradually  began  to  decrease  and  back  toward  the 
west.  The  mean  wind  speed  in  the  lowest  1500  m 
was  8.2  from  3608  (no  change  in  direction  through- 
out this  layer).  Most  of  the  clouds  over  Nan- 
tucket terminated  at  about  90c  m,  within  die 
layer  of  constant  wind.  The  time-lapse  motion 
pictures,  a sequence  from  which  is  reproduced  in 


Flo.  42,  Nantucket  radiosonde  observation,  1000  lst, 
September  s,  1950  (Case  8).  Curve  narked  T is  the 
temperatureptnat  marked  Ter  is  the  dew-point  tem- 
perature. The  curve  marked  P-H  is  the  pressure- 
height  curve.  The  figures  to  the  right  of  the  tempera- 
ture curve  are  the  mixing  ratios  in  grn/k^.  -The 
radio-wind  observations  made  at  the  same  time  are 
entered  at  the  appropriate  pressures  at  the  extreme 
right. 


/ 
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Fin.  Aerial  photograph  of  Nantucket  clouds  made  from  south  of  island  at  I2J0  1ST,"  Location  jfivcti-ifi 
by  third  plane  photo  . Most  01  the  douda  shown  belong  to  the  street  investigated  by  the  soundings  and  shown 

schemadcilly  on  the  map  in  Fig,  41. 


Figure  43,  showed  these  clouds  growing  vertically 
and  symmetrically,  A few  of  the  bulging  towers 
reached  up  to  about  i;cc  m or  more,  where  they 
developed  a pronounced  backward  slant  toward 
the  north  (see  Figure  44), 

Figures  45  and  46  are  north-south  cross  sections 
over  the  island  constructed  from  the  four  airplane 
soundings.  Figure  45  shows  isoplcths  of  potential 
temperature  and  of  turbulence  index,  and  Figure 
46  shows  dry  temperature  and  mixing  ratio,  A 
marked  rise  in  height  of  the  cloud  base  toward  the 
south  was  recorded.  The  heights  of  the  cloud 
tops,  on  the  average,  also  rose  toward  the  south, 
although  not  with  such  regularity.  The  two  larger 
clouds  shown  were  actually  flown  through  in  taking 
the  soundings  and  are  therefore  reconstructed 
exactly.  The  others  are  reconstructed  from  photo- 
graphs. The  fact  that  the  tops  of  the  two  larger 
clouds  appear  colder  than  their  surroundings 
might  at  first  be  attributed  to  a wetted  dry  temper- 


ature element  or  some  other  instrumental  effect. 
Checking  of  the  original  records  shows  that  while 
evaporation  from  a partially  wetted  dry  bulb 
may  have  caused  a fictitiously  low  temperature, 
evidence  exists  to  the  contrary.  First,  within 
these  same  clouds  but  nearer  their  bases,  the  same 
sensing  element  gave  within-doud  temperatures 
that  were  higher  than  that  of  the  environment. 
Second,  some  short  horizontal  runs  made  at  142; 
(discussed  later)  through  the  afternoon  clouds  over 
Nantucket,  which  had  higher  bases  and  far  higher 
tops  than  those  of  the  morning,  showed  the  upper 
portions  of  these  later  clouds  to  be  warmer  than 
their  surroundings.  The  high  concentration  of 
isentropes  just  above  the  cloud  tops  on  Figure  45 
indicates  that  these  morning  clouds  were  over- 
shooting rheir  equilibrium  heights.  Calculation 
from  the  time-lap3e  film  (Figure  43)  showed  the 
cloud  tower  to  be  rising  at  only  1 mps.  Its  top 
was  at  500  m,  just  the  level  of  the  small  stable 
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made  directly  on  the  flight  records. 


layer  on  Figure  46:  this  nnd  the  slow  ascent  speed 
are  further  indications  that  the  tower  was  over- 
shooting. The  small  cold  region  in  the  upper  right 
of  Figure  45  is  in  a location  frequently  penetrated 
by  the  highest  cloud  towers  before  their  dissipation. 

Figures  47  ar.d  4*  were  constructed  from  the 
•horizontal  airplane  flights  along  the  same  cross 
section,  Figure  47  shows  potential  temperature, 
turbulence  index,  and  the  exact  location  of  the 
cloud  bases  recorded  during  the  flights.  The  high- 
est traverse  (5550  m)  passed  through  the  two  most 
northerly  (upwind)  clouds  and  below  the  bases  of 
those  further  downwind.  Figure  48  shows  the 
calculated  correlation  coefficient  between  dry  tem- 
perature and  turbulence  index,  after  each  variable 
was  averaged  over  io-second  intervals.  It  has 
been,  shown  by  Bunker  (1552)  that  high  values  of 
this  coefficient  are  indicative  of  convective  ac- 
tivity, Up  to  the  550  m level,  the  correlation 
coefficient  was  computed  from  the  same  horizontal 
runs  as  shown  in  Figure  47  (1250-1345  est).  The 
upper  part  was  computed  from  the  horizontal  runs 
made  around  and  in  the  cumulus  from  I425-I445. 
The  high  value  of  0.9  correlation  was  found  inside 
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Fig.  48.  Croiss  section  showing  distribution  of  calcu- 
lated correlation  coeffcient  between  temperature  and 
turbulence  index,  from  horizontal  flights. 

of  (near  the  top)  one  actively  growing  cloud  tower, 
which  was  both  warmer  and  more  turbulent  than 
its  surroundings.  The  clouds  observed  on  this 
occasion  have  been  discussed  further  by  Malleus 
(1952). 
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Table  ao  — Case  8 

Pilot  Balloon  Observations  at  Nantucket  Airport 


I 100  B5T 

September  1, 

19J0 

Height 

m 

Direction 

(degrees  clockwise  from  N) 

Velocity 

rope 

0 

35° 

6.3 

3aS 

3&> 

8.9 

656 

36c 

8,9 

985 

j<*> 

8.9 

1310 

8.J 

1640 

360 

7.« 

1965 

CIO 

6.7 

1290 

35® 

£■4 

2620 

310 

£.8 

s9£® 

31° 

OO 

3280 

3'® 

£•4 

Table  ai  — Case  8 

Pilot  Balloon  Observations  at  Tuckernucr  Island 

1129  est 

September  j,  1950 

Height 

Direction 

Velocity 

ffl 

(degtm  doc kwisc  from  N) 

mp* 

108 

j6o 

6.0 

26  J 

OO 

NO 

n 

1 1 *4 

4I4 

337  ' 

9.0 

5 1 3 

354 

9'* 

612 

004 

9.0 

707 

CIO 

9.0 

801 

=®3 

10.3 

890 

®°3 

9'7 

990 

OO 

•0 

I ! .0 

Table  22  — Case  8 

Surface  Observations  at  Tlcxernuck  Island 

September  5,  19,0 

Velocity 

Time 

Td 

Tw 

Wind  'estimated) 

MT 

'C 

CC 

Direction  mps 

Clouds 

IOOC 

'8,9 

'£•4 

3P  1 

4/10  cu 

I ICC 

19,4 

16.0 

3P  7 

4/1 0 cu 

1 200 

19,0 

'£•4 

35  0 S 

6/1 C CU 

I3CC 

20,2 

16,4 

35°  7 

6/ic  cu 

I4CC 

19.C 

i ;.6 

35«  7 

f/is  cu 

Water 

temperature  at  iocc, 

1 g.6cC,  No  middle  cr  high  clouds. 

Case  8 — September  (,  1950 


SoUNDINO  I 

Over  water,  2 Itm  upwind  of  windward  shore  1015-1040  est 


Preaura 

Height 

Temper- 

ature 

Mixing 

Ratio 

Potential 

Temp 

Turbu- 

lence 

mb 

rr, 

*C 

gra/kg 

•KT 

Index 

1012 

31  u* 

16,5 

8,1 

289.1 

10 

1001 

126  D 

1 58 

8.2 

289.2 

8 

994 

1 88  U 

IJ.C 

8.3 

289,1 

9 

9S7 

2$o  D 

14  4 

8.5 

288,8 

15 

58a 

3’3  U 

'4.5 

8.1 

289.4 

8 

973 

376  D 

'37 

8,4 

289.3 

8 

966 

438  u 

1 3 • 1 

8,6 

289.3 

10 

959 

jo  1 D 

12,8 

8.4 

289.6 

7 

952 

563  c 

12.2 

7.8 

28g. £ 

6 

941 

625  D 

II. 8 

77 

29C.0 

f 

938 

69c  L’ 

11. 8 

7-3 

29C.  2 

7 

931 

7c<  D 

1 1*4 

7-® 

J9®'3 

4 

9H 

815  U 

11 '3 

«'3 

291.0 

8 

917 

87c  D 

ic. 8 

6.3 

291.0 

4 

gn 

935  U 

10.5 

6.2 

29'.3 

6 

9®4 

iocc  D 

97 

6-3 

291. 1 

3 

897 

1065  ti 

97 

6.2 

1917 

2 

890 

1 1 2 j D 

9*4 

6.0 

291.9 

2 

884 

1 19c  U 

8.9 

j.8 

292.4 

2 

878 

12J5D 

8.J 

5.8 

292.6 

2 

871 

1320  U 

8.1 

£•2 

292.J 

2 

• U represents  upwind  aide  of  helix.  D downwind  ride, 

Sound  Inf 

Sown  icccrdm*  to  exacting  routine 

described  in  Section  fl  A. 

Case  8 

— tSePTE.M3E?.  Jj 

19JC 

SOUNDINO  2 

Over  island,  3.1$  km  downwind  from  windward  shore 

I I38-!  I j'l  EST 


Pressure 

Height 

Temper- 

ature 

Mixing 

Ratio 

Potential 

TE”mKF' 

Turbu- 

lence 

mb 

m 

"C 

gra/kg 

Indej 

1012 

3‘  U* 

17-3 

9-3 

289.7 

1C 

I0C5 

95  D 

l6,  ( 

8.8 

289,5 

'5 

998 

15;  U 

'S  7 

8-5 

289.2 

8 

99® 

220  D 

I J.2 

9.0 

289.4 

ic 

983 

28c  U 

I4.6 

87 

289.3 

7 

976 

345  D 

'3-9 

8.6 

289.2 

S 

969 

40jU 

'3-5 

8,6 

289.4 

13 

96: 

470  D 

12,9 

8, j 

289,4 

ic 

9££ 

£3=  C 

12.5 

8.4 

289.6 

9 

948 

60c  D 

11. 8 

8.1 

289.6 

9 

941 

660  U 

n 7 

7-9 

289.9 

934 

720  D 

114 

74 

290,4 

6 

957 

78£  U 

IC.4 

77 

289.8 

6 

921 

850  D 

ic.* 

S.c 

19C/J 

4 

914 

91c  U 

ic.3 

7.2 

290.8 

6 

90- 

97 £ D 

9-9 

6,j 

291.0 

2 

901 

IC4C  U 

IC.I 

£•9 

291,7 

2 

894 

nee  D 

9.6 

6.1 

291.9 

2 

887 

116;  U 

9,2 

6.1 

292,1 

No 

58: 

122;  D 

8.6 

£-9 

291.9 

trace 

S74 

1:9c  U 

8.1 

6.c 

292.4 

of 

565 

1 3 £5  D 

7.S 

£7 

291.6 

turbu- 

56i 

1420  U 

7-4 

5-5 

292.8 

lence. 

• U rop: 

’fiscrits  upw; 

;r.d  side  of  1 

;r!ix,  D do* 

-vr.vrlnd  side, 

Sounding 

fiewn  eccordi 

rx  to  exact 

ir.g  routine 

described  ; 

n Section  11 

A. 
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Case  8 — September  5,  1950 


Sounding  3 

Off  lee  shore,  6,75  km  downwind  from  windward  shore 

1 I JJ-I1IO  EXT 


Temper- 

Mixing 

Potential 

Turh-.s- 

Pressure 

Height 

ature 

Ratio 

Temp. 

Icnce 

mb 

m 

eC 

gra/kg 

CK 

Indes 

1012 

31  u* 

17.8 

9,6 

2Q0.2 

16 

ICO? 

9,’  D 

16,8 

289.9 

10 

99  8 

>55  H 

16.4 

1.7 

289,9 

8 

990 

Jic  D 

>5'4 

8,9 

289,; 

!G 

953 

28c  U 

14,9 

9-o 

289,5 

u 

976 

345  D 

14.1 

8.7 

289,5 

c 

969 

4°5  JJ 

>3.8 

8.9 

289,7 

5 

96a 

♦70  D 

1 1,0 

8.4 

289,5 

9 

95< 

53®  U 

>s, 7 

8.8 

289,8 

6 

948 

800  D 

1 a,  1 

8-4 

289,8 

12 

94 1 

660  U 

1 1.6 

8.5 

289,9 

8 

934 

720  D 

>>•3 

8.2 

29C. 2 

10 

9« 

830  U 

is. 8 

8,s 

290.5 

5 

917 

870  L 

9.8 

8,1 

290,0 

3 

907 

975  D 

10.6 

6,4 

151 7 

6 

90' 

1040  L 

10.4 

6.2 

291.9 

2 

894 

1100  D 

9.9 

6,4 

w. 

3 

887 

n6j  U 

9.3 

6.3 

292. c 

3 

881 

>“5  D 

8.7 

6,1 

292.0 

2 

874 

>190  L 

*•3 

6.0 

292.5 

2 

868 

>355  D 

7.8 

5-9 

292.7 

3 

■ V represents  uprnod  sdo  of  helix,  0 downwind  side.  Houndir.a 
down  according  to  cxr.cting  routine  described  Ir.  Section  II  A, 


Case  8 — September  5,  1950 


Sounding  4 

Over  water,  13.75  hm  downwind  of  windward  shore 

I218-II3O  est 


Pressure 

Height 

Temper- 

stum 

Mixing 

Ratio 

Potential 

Temp, 

Turbu- 

lence 

mb 

m 

6C 

gm/kg 

aK 

Inda 

101  2 

3>  u* 

lly 

289.6 

10 

JCCC 

95  P 

8,8 

289.7 

9 

998 

>55  P 

>5-9 

8.5 

289,5 

10 

500 

12(7  D 

>5-7 

9,0 

289.8 

IC 

983 

280  U 

14,9 

9.0 

289.6 

U 

976 

345  D 

14,1 

9-> 

289.5 

13 

969 

4=5  U 

>3‘7 

9'1 

289.6 

!3 

962 

47=  D 

13-3 

9,1 

289.7 

10 

955 

53=  U 

12,6 

8.9 

28g,8 

!3 

948 

600  t! 

I 2.0 

8.7 

289.8 

12 

94' 

660  U 

1 1.8 

8.4 

290.O 

9 

934 

720  D 

n.i 

8.0 

290.1 

6 

9S7 

785  U 

ic.8 

7-9 

290.2 

5 

9=7 

975  D 
1 06  ; U 

g.6 

7.0 

290.8 

2 

897 

9'5 

6,4 

291.2 

2 

89c 

1111  D 

93 

6,2 

291.9 

3 

884 

1 190  U 

9.0 

6.1 

292.2 

1 

878 

1255  D 

8.2 

6.1 

292-3 

1 

*7> 

1320  U 

7.6 

6.2 

292,0 

1 

* l'  represent*  upwind  aids  of  helix,  D downwind  side,  Sounding 
Bown  srecroinj  to  exacting  routine  deecnbed  in  Seehon  II  A. 


IV.  SUMMARY  OF  NANTUCKET  OBSERVATIONS,  SUMMER  OF  1950 


Case 

Date 

O 

DO 

,3 

8/9/5° 

4 

8/14/50 

O 

OO 

6 

8/15/50 

8/iI/co 

8 

9/5/5° 

Occurrence 

of  Cumulus 

Many 

. . 

None 

. , 

1 Many 
1 

tst  period 
None 

2nd  period 
Slight 

Non-con- 

vective 

Fracto- 

Cumuius 

Very 

small 

lenticular 

Many 

Depth  (m) 

!OOC 

I JO 

| 935 

<00 

too 

5°° 

2 ICC 

Lower 

Layer  Upwind 

■fo.B  f* 

-1.66 

■fo.70 

100 

4*0.01 

-0.36 

-ho.  at 

4-0,65 

Lapse  rate 
“C/ioo  m 

; 

+0.36 

Depth  (m) 

joe 

lOfO 

~i  - 

32C 

4J0 

5°° 

745 

3600* 

Upper 

Layer  Upwind 

+o-3o* 

4*c,6a 

\ *ro,  S9 

400 

+0.77 

4-0.42 

-ho.  42 

Lapse  rate 
“’C/ioc  m 

l 

j 

+0.83 

Maximum 

Insolation 

(ual/cm^in) 

*■3 

1.2 

t.4 

1 

1.6 

M 

I .5 

Missing 
(eat.  I.l) 

Layer  (m) 

O-IOCC 

O-IIOO 

: O-9OO 

£>-ieoo 

0-9CC 

0-1 80c 

0-1  toe 

Mean 

| 900-J100 

' 

900-1800 

U 

North 
3-7  mps 

' 

to  mps 
from  WSW 
slight 
turning 
toward  VV 

1 t.5  mps 
southerly 
: 3.0  mpe 
• northerly 

| 

_ . 

6.3  mps 
southwest 
!umir.j;'.lo 
west  with 
height 

30  ?-Pa 
nortneaat- 
erlv. 
i.t  mps 
south 

southwest- 

erly 

8,2  mps 
from  360°. 
No  change 
in  direction, 

Evidence 
of  Verticil 
Oscillation 

Preferred 
locations 
of  cloud 
develop- 
ment 
~ i.j  km 
apart" 

Downdraft 
indicated 
by  dry 
region  at 
lee  shore 

1 Definite 
i lee  waves 

: X S 1 km 

Downdraft 
indicated 
at  lee 
shore, 

Possi  bis 
indication 
of  lee 
waves  by 
small 
cumulus 

Updraft 
possibly 
indicated 
by  rise 
in  isen- 
tropes 
i km  inside 
windward 
shore. 

Updraft 
at  6co  m. 
at  lee 
shore 
indicated 
by  small 
clouds. 

These  down- 
stream 
spaced 
closer 
than  1 km 

Long,  large 
amplitude 
lee  waves 
suggested 
by  forma- 
tion of 
cumulo- 
nimbus 
km  down- 
wind 

Lifting  Conden. 
sation  Level  based 
on  lowest  point  on 
upwind  sounding 

~8$a  m* 

3°3  m 

438  m 

, 

j:3  "t 

' 

• 340  m 

i 

120  m | 690  m (a 

parcel  at 
440  m needs 
I only  1 6c  m 
' lifting  for 
saturation} 

•From  Nantucket  radiosonde. 
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